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THE 

PREFACE. 

I  HAVE  feen  abundant  reafon,  fince  the 
publication  of  my  former  volume  of 
Ohfervatmis  on  different  kinds  of  air^  to 
applaud  myfelf  for  the  little  delay  I  made 
in  putting  It  to  the  prefs  ;  the  confequence 
having  been  that,  inftead  of  ihe  experi- 
ments being  profecuted  by  myfelf  only, 
or  a  few  others,  the  fubjed:  has  now  gain- 
ed almoft  univerfal  attention  among  phl- 
lofophers,  in  every  part  of  Europe.  la 
confequence  of  this,  confiderable  difcove- 
veries  have  been  made  by  people  of  diftant 
nations;  and  this  branch  of  fcience,  of 
which  nothing,  in  a  manner,  was  known 
till  very  lately  indeed,  now  bids  fair  to  be 
farther  advanced  than  any  other  in  the 
whole  compafs  of  natural  philofophy.  The 
attention  which  my  former  volume  excited, 
has  been  a  motive  with  me  to  continue  my 
a  3  own 
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own  refearches,  till  I  have  been  led  to  dif- 
coveries  of  more  importance  than  any  that 
I  had  made  before,  and  of  which  I  hadjnot 
at  that  time  the  moft  diftant  idea.  It  has, 
likewife,  been  the  means  of  extending  my 
acquaintance  among  philofophers,of  whofe 
lights  I  have  availed  myfelf,  as  my  narra- 
tive will  witnefs. 

SIg.  Felice  Fontana  of  Florence,  SIg. 
Landriani  of  Milan,  and  Mr.  Lavoifier 
of  Paris,  have  already  announced,  in  their 
late  publications  on  this  fubjed:,  that  they 
have  much  more  to  follow  with  refpedl  to 
it,  and  that  they  are  at  prefent  intent  upon 
the  inveftigation  of  it.  Mr.  Montigny 
(when  I  had  the  pleafure  of  meeting  him 
at  Mr.  Trudaine*s,  as  mentioned  in  the 
courfe  of  the  work)  gave  me  an  account  of 
fome  very  curious  experiments  which  he 
had  made  on  inflammable  air,  and  which 
I  expert  he  will  fcon  communicate  to  the 
public.  That  veteran  in  philofophy,  Fa- 
ther Beccaria  of  Turin,  has  alfo  made  fome 
valuable  experimentsof  this  kind,  and  will, 
I  doubt  not,  profecute  them  with  his  ufual 
addrefs  and  fuceefs.  Mr.  Bergman  of  Upfal, 

who. 
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who,  as  I  have  faid,  wrote  to  me  formerly 
on  this  fubjedt,  has  fmce  publifhed  a  paper 
on  fixed  air  in  theSwedifli  language,  which 
I  cannot  read.  Several  ingenious  perfons, 
whofe  names  are  not  yet  known  to  the 
public,  are,  to  my  knowledge,  engaged 
in  thefe  purfuits  ;  and  we  are  not  with- 
out expectations  from  the  oldeft  living 
fathers  of  this  philofophy,  Dr.  Brownrigg 
and  Dr.  Black,  as  well  as  other  gentlemen 
in  Scotland.  Befides  thefe,  there  mufl  be, 
I  doubt  not,  at  leaft  twice  as  many  perfons 
at  work  upon  this  fubje£t,  as  I  can  have 
had  any  opportunity  of  hearing  of. 

Upon  the  whole,  there  is  not  perhaps 
an  example,  in  all  the  hiftory  of  philofo- 
phy, of  fo  much  zeal  and  emulation  be- 
ing excited  by  any  objedt.  I  even  queftion 
whether  the  fubjed  of  elediricity^  under  the 
aufpices  of  Dr.  Franklin,  ever  engaged 
more  general  attention  ;  and  now  thefe  two 
purfuits  are  happily  united,  and  admirably 
promote  each  other. 

In  reality,  this  is  not  now  a  bufinefs  of 

air  only,  as   it  was  at  the  firft  ;   but  ap- 

^  4  pears 


vlll  PREFACE* 

pears  to  be  of  much  greater  magnitude 
and  extent,  fo  as  to  drffuie  light  upon  the 
mofl  general  principles  of  natural  know- 
ledge, and  efpecially  thofe  about  which 
chymijiry  is  particularly  convcrfant.  And 
it  will  not  now  be  thought  very  alTuming 
to  fay,  that,  by  v/orking  in  a  tub  of  wa- 
ter, or  a  baion  of  quickiilver,  we  may  per- 
haps difcover  principles  of  more  extenfive 
influence  than  even  that  of  gravity  itfelf, 
the  difcovery  of  which,  in  its  full  extent, 
contributed  fo  much  to  immortalize  the 
name  of  Newton. 

Having  been  the  means  of  bringing  fo 
many  champions  into  the  field,  I  iliall  with 
peculiar  pleafure  attend  to  all  their  at- 
chievements,  in  order  to  prepare  myfelf, 
as  I  promifed  in  the  preface  to  my  laft  vo- 
lume, for  writing  the  hifiory  of  the  cam- 
paign ;  and  I  truft  that  ail  my  brethren  in 
the  fcience  will  have  confidence  in  my  ju- 
ftice  to  their  refpe^tive  merits. 

I  flatter  myfelf,  that  the  very  frank  and 
candid  manner  in  which  I  have  related  what 
I  have  done  myfelf,  will  procure  me  fufli- 

cicnt 
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Gient  credit  for  my  impartiality  with  refped: 
to  others.  It  will  be  very  evident,  that  I 
have  left  myfelf  hardly  any  other  merit 
than  that  oi  patient  indiifiry  and  attention^ 
and  that  of  keeping  my  mind  fo  far  de- 
tached from  the  influence  of  prejudice,  as 
to  be  able  to  purfue  fairly  fuch  cafual  ob- 
i^rvations  as  prefented  themfeives  to  rae. 

There  is  nothing  capital  in  this  volume 
from  which  I  can  hope  to  derive  any  other 
kind  of  honour,  than  that  of  being  the  in- 
ftrumentin  the  hands  of  divine  providence, 
which  makes  ufe  of  human  induftry  to 
ftrike  out,  and  difFufe,  that  knowledge  of 
the  fyflem  of  nature,  which  feems,  for  fome 
great  purpofe  that  we  cannot  as  yet  fully 
comprehend,  to  have  been  referved  for  this 
age  of  the  world ;  concerning  which  I  threw 
out  fome  farther  hints  in  my  former  pre- 
face, which  the  excellent  French  tranflator 
was  not  permitted  to  infert  in  his  verfion. 

I  even  think  that  I  may  flatter  myfelf 
fo  much,  if  it  be  any  flattery,  as  to  fay, 
that  there  is  no  hiflory  of  experiments 
more  truly  ingenimis  than  mine,  and  efpe- 

cially 
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cially  the  Sedion-  on  the  difcovery  of  de- 
phlogifticated  air,  which  is  the  moft  im- 
portant in  the  vohime.  I  am  not  con- 
Icious  to  myfelf  of  having  concealed  the 
leaf!  hint  that  was  fuggefted  to  me  by 
any  perfon  whatever,  any  kind  of  affift- 
ance  that  has  been  given  me,  or  any 
views  or  hypothefes  by  which  the  experi- 
ments were  direcfled,  whether  they  were 
verified  by  the  refill t,  or  not. 

In  this  volume  the  reader  will  find  much 
light  thrown  upon  many  things  which 
were  inexplicable  to  me  when  I  publifhed 
the  former  volume ;  but,  on  the  other 
hand,  there  are  many  things,  in  this,  as  in- 
explicable to  me  now  as  the  others  were 
before  ;  and  for  the  elucidation  of  them  we 
mufl:  wait  for  more  experiments,  and  more 
difcoveries. 

As,  in  the  preface  to  my  former  volume, 
I  quoted  a  very  flriking  obfervation  of 
Father  Beccaria,  I  fhall,  in  this,  prefent  my 
reader  with  a  quotation  from  another  Ita- 
lian philofopher,  the  Abbe  Fontana,  which 
is  as  much  to  my  prefent  purpofe. 

"  Le 
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'^  Le  fifiche  ricerche  cominclate  in  quefti 
*'  ultimi  anni  con  tanto  fucceffo  dai  filo- 
*'  fofi,  forfe  per  mera  curiofita,  fopra  le 
"  diverfe  qualita  e  indole  dell'  aria  natu- 
*'  rale  e  fattizia,  potrebbero  in  breve  diven- 
"  tare  di  fomma  importanza.  E  par'  che 
*'  gia  ci  avviciniamo  ad  una  di  quelle  gran- 
**  di  epoche,  che  la  natura  conduce,  dopo 
"  un  laiTo  di  lecoli,  e  che  marca  con  qual- 
**  che  grande  fcoperta,  per  la  felicita  del 
"  genere  umano."   Ricerche  Fificbe^  p.  2 1. 

In  Englifli. 

**  The  inquiries  that  have  lately  been 
'•  fo  fuccefsfully  begun  by  philofophers, 
*'  perhaps  through  mere  curiofity,  into  the 
'*  properties  of  air,  natural  and  fadli- 
"  tious,  may  foon  come  to  be  of  the 
"  greateft  Importance.  And  v/e  feem  to 
"  be  already  approaching  to  one  of  thofe 
"  great  epocha's,  to  which  nature  con- 
*'  duds  us,  after  a  lapfe  of  ages,  and 
"  which  {he  dillinguiHies  by  Ibme  great 
"  difcovery,  for  the  benefit  of  mankind." 


To 
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To  this  fecond  volume  I  have  added  a 
paper  publifhed  in  the  6cth  volume  of  the 
Philofophical  TranfacStions,  on  the  con^ 
duBing  power  of  chajxoal^  becaufe  it  has 
a  near  relation  to  the  fubje^l  of  air ;  and 
becaufe  it  contains  an  account  of  many 
new  fa£ts,  of  a  very  remarkable  nature, 
to  which  I  wifh  to  draw  the  particular  at- 
tention of  phllofophers  and  chymiils. 

I  have  alfo  inferted  the  fubftance  of  the 
pamphlet  on  the  impregnation  of  water  with 
Jixed  air,  having  no  intention  to  publifh 
it  any  more  feparately ;  prefixing  to  it  a 
hiftory  of  matters  relating  to  it,  and  fub- 
joining  to  it  a  comparifon  of  this  method 
with  another  tt^at  has  been  invented  fince, 
for  the  fame  purpofe.  I  have  alio  added 
an  alphabetical  index  to  both  the  volumes. 

I  am  very  forry  to  have  had  occafion  to 
infert  in  this  volume  a  particular  fedion 
on  the  mijlakes  that  have  been  made,  with 
refped:  to  my  Obfervations  and  Experi- 
ments, by  feveral  foreign  phllofophers. 
But  they  are  fo  many,  and  fo  grofs,  and 
made  by  perfons  of  fo  much  reputation,, 

that 
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that  I  have  thought  it  neceflary  to  do  fo, 
both  on  my  own  account,  and  alfo  to  ob- 
viate fuch  mifreprefentations  oi  faSis^  as 
might  retard  the  progrefs  of  philofophical 
knowledge. 

For  thefe  miftakes  foreigners  may  plead 
the  want  of  a  perfed  knowledge  of  the  En- 
glifh  language  ;  and,  in  fome  meafure,  the 
plea  may  be  admitted,  though  every  per- 
fon  fhould  take  care  to  make  himfelf  fully 
acquainted  with  what  he  propofes  not  only 
to  underftand,  but  to  explain  to  others. 

I  imagine,  however,  that  both  Mr.  La- 
voifier,  and  Sig.  Landriani,  took  their 
accounts  of  my  Experiments  not  from  my 
own  work  in  Engliih,  but  from  fome  pre- 
ceding tranflations  into  French,  and  Ita- 
lian ;  taking  for  granted  that  they  were 
exad.  Sig.  Landriani,  I  am  confident,  un- 
derftands  Englifh  very  well.  He  has  lately 
informed  me,  that  he  will  undertake  the 
tranflation  of  all  that  I  have  written  on  the 
fubjed  of  air ;  and  he  will,  I  doubt  not, 
both  do  juftice  to  me,  and  credit  to  him- 
ielf.  Mr.  Gibelin,  who  has  acquitted  him- 
4  felf 
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felf  fo  well  in  the  French  tranflation  of  the 
firft  volume  of  this  work,  has  undertaken 
the  fecond.  I  have,  at  his  requeft,  already 
fent  him  the  printed  fheets,  and  I  believe 
he  will  difpatch  the  work  with  all  con- 
venient expedition.  I  have  alfo  reafon  to 
think,  that  the  tranflation  of  this  work 
into  High  Dutch,  by  Dr.  Ludewig  of 
Leipfic,  will  be  very  accurate.  Upon  the 
whole,  therefore,  I  flatter  myfelf  that,  for 
the  future,  my  fenfe  will  be  fairly  re- 
prefented  ;  and  perhaps  with  more  accu- 
racy, than  if  the  miftakes  I  have  been 
obliged  to  animadvert  upon  had  not  been 
made. 

I  wifh  that  I  could  make  as  good  an 
apology  for  Mr.  B.  Wilfon,  as  for  the  fo- 
reign philofophers  above-mentioned.  This 
gentleman,  in  his  late  l^reaiije  on  phof-- 
phori,  has  animadverted  upon  m.e  for 
fpeaking,  in  my  Hijhry  of  dlfcoverles  re- 
lating to  vijion,  lights  and  colours^  of  paper 
being  red  hoty  and  cooled  again  ;  when,  in 
the  printed  errata  of  the  book,  he  would 
have  found,  "  for  red  hot,  read  very  hot'"* 
This  Vv'as  a  miftake  of  my   amanuenfis, 

and 
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and  I  thought  it  would  be  fufiicienlty  rec- 
tified, by  inferting  it  in  the  er7'ata,  I 
fhould  certainly  have  reprinted  the  leaf, 
if  I  could  have  fufpedted  that  fuch  an  ufe 
would  have  been  made  of  it.  Before  this 
gentleman  points  out  any  more  of  my 
miftakes,  I  hope  he  w^ill  take  the  trouble 
to  fee  whether  I  have  not  noted  them  my- 
felf;  or,  if  his  copy  of  my  books  ihould 
happen  to  want  the  printed  errata^  that 
he  will  fupply  the  place  of  it  with  a  little 
candour.  His  paragraph  relating  to  it,  p. 
10,  is  as  follows. 

"  Dr.  Prieftley,  in  his  Hijiory  of  Bec- 
*'  cari''s  difcoveries^  has  mentioned  a  very 
*^  remarkable  experiment.  He  tells  us, 
*'  that  Beccari  found  that  paper,  after  it 
*'  had  been  made  red  hot^  and  cooled  again y 
*'  was  an  excellent  phofphorus.  I  muft 
"  own  that,  upon  the  ftrideft  refearch  into 
*'  the  work  to  which  he  refers,  I  have  not 
"  been  able  to  find  any  fuch  account.  Nor 
*'  do  I  conceive  in  what  manner  paper 
"  can  be  made  red  hot^  and  after vv^ards 
"  cooled^  without  being  reduced  to  aflies. 

''  I  Ihould 
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"  I  fhould,  neverthelefs,  be  greatly  obliged 
"  to  the  learned  hiftorian,  who  relates  the 
*'  experiment,  for  an  explanation  of  his 
"  meaning,  if  he  can  point  out  the  paf- 
*'  fage  to  which  his  elaborate  w^ork  re- 
"  fers." 

Befides,  except  that  the  words  red  hot 
were  not  in  the  treatife  I  was  abridging, 
I  have  nothing  to  alter  with  refped:  to 
it.  For  if  Mr.  Wilfon  does  not  know 
it  at  prefent,  he  may  fatisfy  himfelf  in 
half  a  minute,  that  white  paper  always 
becomes  red  by  heat,  before  it  is  turned 
black. 

Having  this  occaiion  to  mention  Mr. 
Wilion  and  his  book,  which  I  think  to 
be,  in  feveral  refpe^ts,  a  very  valuable . 
one,  I  muft  farther  obferve,  that  he  takes 
every  opportunity  of  cavilling  at  my  Hif- 
tory  \  when,  admitting  his  pretended  dif- 
coveries,  which  were  fubfequent  to  the 
publication  of  that  work,  it  is  not  liable 
to  the  leaft  jufl:  exception:  fince,  as  an 
hijiorian^  I  could  not  but  take  for  granted, 

that 
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that  there  was  no  fallacy  In  the  experi- 
iiients  of  Mr.  Canton  and  Father  Beccaria, 
efpecially  as  they  confirm  the  Newtonian 
dodrine  concerning  light. 

Father  Beccaria  had  advanced,  that  the 
Bolognian  phofphorus  emits  the  very  fame 
particles  of  light  which  it  had  imbibed ; 
ib  that,  if  red  rays  only  had  been  thrown 
upon  it,  it  would  appear  red,  and  if  it  had 
been  expofed  to  blue  rays  onlyj  it  wDuld 
appear  blue,  &;c.  Phil.  Tranf.  vol.  6l;  p. 
2  12.  Mr.  Wilfon  endeavoured  to  repeat 
thefe  experiments,  but  without  fuccefs  ; 
and  becaufe,  in  the  manner  in  which  he 
made  them,  all  his  phofphori  appeared 
of  the  fame  colour,  he  concludes,  contrary 
to  what  Mr.  Canton  and  Father  Beccaria 
had  fuppofed,  that  the  light  Which  the 
phofphorus  emits,  is  not  the  fame  that  it 
had  imbibed  ;  but  that  there  is  a  tranfmu- 
tation  of  the  inflammable  pririciple  of  the 
jihofphorus  itfelf  into  light* 

I  hcive  not  endeavoured  to  afcertain  this 

fa<£t,  not  having,  as  yet,  any  convenience 

for  experiments  of  that  kind  ;   but  I  will 

take  thft  liberty  to  fay,  that  a  philofopher 

■  b     .  of 
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of  fuch  a  clafs  as  Father  Beccaria,  is  Intltled 
to  the  greateft  refped: ;  and  that  his  con- 
clufions  (liould  not  have  been  controverted, 
but  upon  much  better  grounds  than  Mr. 
Wilfon*s.  For,  from  the  manner  in  which 
his  experiments  were  made,  I  cannot  but 
think  them  to  have  been  inadequate  to  the 
objeftof  them,  and  that  they  muft  be  con- 
fidered  as  indeclfive.  And  whenever  the 
experiments  fhall  be  made  with  a  ftronger 
and  purer  light,  I  have  very  little  doubt 
but  that  Father  Beccaria  will  appear  to 
have  been  in  this,  as  well  as  in  all  his  other 
numerous  experiments,  perfedly  accurate, 
and  that  the  conclufion  which  he  draws 
from  them  is  flrid:ly  juft,  though  contra- 
dicted by  Mr.  V/ilfon.  In  this,  however, 
I  may  be  miftaken. 

Having  proceeded  thus  far  in  an  account 
of  the  mifreprefentations  of  my  meaning, 
advancing  from  a  lefs  to  a  greater  c'aufe  of 
complaint,  from  fimple  admonition  to  re- 
prehenlion,  I  Ihall  go  one  ftep  farther,  to 
take  notice  of  a  wilful  and  moll:  wicked 
perverfion  of  my  meaning,  in  a  bufinefs 
of  much  more  importance  than  thofe 
which  I  have  mentioned  already.    If  it  be 

faid 
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faid  that  in  this  I  digrefs  too  far,  let  it  be 
confidered  that,  in  a  preface,  authors  have 
always  claimed  a  light  of  faying  whatever 
they  pleafed  concerning  themfelves ;  and 
not  to  lofe  this  right,  it  muft  now  and 
then  be  exercifed.  It  will  be  feen,  how- 
ever, that,  in  this  digreffion,  I  have  views 
not  very  foreign  to  the  fubje6l  of  a  treatife 
addrefled  to  pliilofophers. 

Notwithftanding  my  fludies  and  wri- 
tings are  chiefly  of  a  theological  nature, 
and  my  philofophical  purfuits  only  occa- 
fional ;  notwithftanding,  in  my  Lifiitictes 
of  natural  and  revealed  religion^  I  have  an 
intire  volume  on  the  evidences  of  chrifti- 
anity,  in  which  I  flatter  myfelf  I  have 
placed  feveral  parts  of  it  in  a  new  and 
flronger  light,  and  this  from  inclination 
only,  without  a  fhadow  of  inter ejl  to 
biafs  me,  I  have  been  reprefented  in  an 
artful  advertifement^  frequently  repeated 
in  all  the  Englifli  newfpapers,  as  not  be- 
lieving in  a  future  fl:ate.  The  author  of 
the  advertifement  has,  for  this  bafe  pur- 
pofe,  quoted  the  following  mutilated  fen- 
tence  from  an  Effay  of  mine  prefixed  to 
b  2  mv 
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my  edition  of  Dr.  Hart  ley'' s  Obfervations 
on  the  human  mind^  p.  20. 

**  I  am  rather  inclined  to  think,  though 
''  the  fubje(St  is  beyond  our  comprehenfion 
*'  at  prefent,  that  man  doth  not  confift  of 
''  two  principles  fo  efTentially  different 
'*  from  one  another  as  matter  and  Jpirit, 
"  which  are  always  defcribed  as  having 
**  no  one  common  property,  by  means  of 
*'  which  they  can  affe£t  or  a6b  upon  eacli 
*'  other,  &c.  I  rather  think  that  the  whole 
"  man  is  of  fome  uniform  compofition, 
*'  and  that  the  property  of  perceptiofty  as 
"  well  as  the  other  powers  that  are  termed 
*'  mental^  is  the  refult  (whether  neceflary 
*'  or  not)  of  fuch  an  organ ical  ftruAure 
"  as  that  of  the  brain.  Confequently  that 
*>'  the  whole  man  becomes  extind  at  death, 
"  &c." 

The  wickednefs  of  this  reprefentation 
will  appear  by  reciting  the  remainder  of 
the  fentence. 

"  at  death,  and  that  we  have  no 

•*  hope  of  furviving  the  grave,  but  what 

is 
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'« Is  derived  from  the  fcheme  of  revela- 
«  tion." 

In  the  fame  page  I  alfo  obferve  that, 
though  this  dodlrine  favours  the  opinion 
of  the  lower  animals  differing  from  us  in 
degree  only,  and  not  in  kind,  '*  it  does  not 
"  neceflarily  draw  after  it  the  belief  of 
"  their  furviving  death  as  well  as  our- 
"  felves ;  this  privilege  being  derived  to 
''  us  by  a  pofitive  conjiitution^  and  depend- 
**  ing  upon  the  promife  of  God,  commu- 
**  nicated  by  expr^fs  revelation  to  man." 

This  affair  has  been  the  occafion  of 
much  exultation  among  bigots^  as  a  proof 
that  freedom  of  thinking  in  matters  of 
religion  leads  to  infidelity ;  and  unbelie'V-' 
ers,  who  have  never  read  any  but  my  phi- 
lofophical  writings,  hav6  confidered  me  as 
one  of  their  fraternity.  To  the  former  I 
fliall  fay  nothing,  becaufe  it  would  avail 
nothing.  To  the  latter,  of  whom  I  have 
more  hopes,  I  would  take  this  opportunity 
of  obferving  (and  in  this  I  addrefs  myfelf 
to  foreigners  more  than  my  own  country- 
men) that,  as  they  will  agree  with  me  in 
b  3  the 
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the  opinion  o^  (ho.  natural  mortality  of  the 
foul,  which  is  agreeable  to  every  appearance 
in  nature,  it  nearly  concerns  us  to  confider 
whether  there  be  no  evidence  of  a  future 
life  of  retribution  independent  of  the  con- 
trary dodrine,  which  has  no  countenance 
from  the  fcriptures  *  ;  that  it  argues  ex- 
treme narrowncfs  of  mind,  unworthy  of 
the  fpirit  of  philofophy,  not  to  extend  our 
views  and  inquiries  beyond  the  circle  of 
thofe  objects  about  which  hatural  philo- 
fophy is  converfant,  which  terminate  in 
gaining  a  knowledge  of  the  vifible  fyftem 
of  nature  ;  and  that  it  behoves  us  to  con- 
fider whether  the  great  Author  of  nature 
has  not  afforded  us  fufficient  data  for 
knowledge  infinitely  more  interefling  to 
us,  more  immediately  refpeflmg  our  re- 

*  In  this  opinion  I  am  far  from  being  fmgular.  It  is 
known  to  have  been  the  opinion  of  Luther,  r.nd'many  of 
the  moft  eminent  of  the  fiiit  reformers.  Of  late  years  it 
has  been  mofl:  ably  fupported  by  the  prcfent  excellent 
BiAop  of  Carlifle,  and  is  now  generally  adopted  by  ra- 
tional chrillians.  The  opinion  of  the  iiatnral  immortality 
of  ihe'/cul,  had  its  origin  in  the  heathen  philofophy; 
and  having,  with  other  pagan  notions,  infinuated  itfelf 
into  chriltianity  (which  has  been  miferably  depraved  by 
tl^is  means)  hcS  been  the  great  fupport  of  the  popifh  doc- 
trines of  purgatoj-y,  and  the  -xverjhip  of  the  dead. 

lation 
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lation  to  himfelf,  and  his  gracious  provi- 
iion  for  our  improvement  and  happinefs,- 
not  only  in  this  infancy  of  our  beings  but 
to  a  period  which  has  no  bounds. 

Let  philoibphers,  as  certainly  becomes 
their  characfter,  confider  fadis^  and  the 
phenomena  of  the  human  m'md^  as  influenced 
by  fadts,  and  it  mufl:  appear  to  them  to 
be  utterly  incredible,  that  chriliianitylhould 
have  arifen,  have  been  propagated,  and 
have  eftabliOied  itfelf  in  the  world,  in  the 
circumftanccs  in  which  all  hiftory  fhews 
that  it  did  arife,  and  was  propagated,  if  it 
had  not  been  founded  on  truth  and  fadl ; 
fuch  fa(fls  as  are  llridly  the  fubjed:  of 
hiftorical  invefligation. 

The  common  objedlion  againfl:  religion 
among  philoibphers  is,  that  it  \^as  invented 
by  artful  intercfled  prufs^  or  wife  magi^ 
jlrates :  but  it  is  not  fad:  that  chrijlianky 
had  any  fuch  origin.  No  prieft  was  con- 
cerned in  the  invention  of  it,  nor  did  any 
civil  magiftrate  fofter  it :  but,  on  the  con- 
trary, it  was  violently  oppofed  by  all 
priefts,  and  all  magillrates,  wherever  it  ap- 
b  4  peared, 
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peared,  and  by  its  own  evidence  It  triurnr? 
phed  over  both.  Tbefe  2.xtfa5ls  \yorthy 
pf  the  attention  of  phjlofophers^  as  fuch. 

To  quit  this  fubje£t  for  that  with  which 
I  began  this  preface,  and  in  which  I  fhall 
be  more  attended  to  by  philofophers  \x\ 
general,  I  would  caution  my  reader  not 
to  be  too  fangui^e  in  his  expedations 
from  the  happy  train  which  this  branch 
of  philofophy  feems  tq  be  in.  Confider-? 
ing  the  unexampled  rapidity  with  which 
difcoveries  have  hitherto  been  made  in  it, 
the  number  of  perfons  in  many  and  diftant 
countries  now  engaged  in  thefe  purfults, 
and  the  emulation  that  is  neceifarily  ex- 
cited in  fuch  circumftances ;  and  confiderr 
ing,  at  the  fame  time,  how  nearly  this 
fubjedt  is  allied  to  the  moil  general  an4 
comprehenfive  laws  of  nature  with  which 
we  are  acquainted  ;  fome  may  be  apt  to 
imagine,  that  every  ypar  mufl  produce  dif- 
coveries  equal  to  all  that  were  made  by  a 
Newton  or  a  Boyle ;  and  I  am  far  from 
faying  that  this  may  not  be  the  cafe,  or 
that  it  is  very  improbable. 

But, 
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But,  though  I  have  little  doubt,  from 
the  train  that  things  are  vifibly  in,  that 
philofophical  difcoveries  in  general  will  go 
on  with  an  accelerated  progrefs  (as  indeed 
they  have  done  ever  fince  the  revival  of 
letters  in  Europe)  it  would  be  too  rafti  to 
infer,  from  any  prefent  flattering  appear- 
.ances,  that  any  particular  expedition  into 
the  undifcovered  regions  of  fcience  will 
be  crowned  with  more  diftinguifhed  fuc- 
cefs  than  another.  Nothing  is  more  com- 
mon, in  the  hiftory  of  all  the  branches  of 
experimental  philofophy,  than  the  moft 
unexpeded  revolutions  of  good  or  bad 
fuccefs.  In  general,  indeed,  when  num- 
J^ers  of  ingenious  men  apply  themfelves 
to  one  fubjedt,  that  has  been  well  opened, 
the  inveftigation  proceeds  happily  and  e- 
quably.  But,  as  in  the  hiftory  of  eleBri- 
city^  and  now  in  the  difcoveries  relating 
to  air^  light  has  burft  out  from  the  moft 
unexpe(!^ed  quarters,  in  confequence  of 
which  the  greateft  mafters  of  fcience  have 
been  obliged  to  recommence  their  ftudies, 
from  new  and  fimpler  elements ;  fo  it  is 
alfo  not  uncommon  for  a  branch  of  fci- 
1  ence 
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ence  to  receive  a  check,  even  in  the  mofl 
rapid  and  promifing  ftate  of  its  growth. 

Judging,  however,  from  my  prefent 
views  of  the  fubjed,  I  am  wilUng  to  hope 
that  the  beginning  of  this  preface  will  not 
contribute  to  raife  too  high  expectations. 
The  incomplete  experime'iits^  indicated  in  the 
courfe  of  both  thefe  volumes,  and  efpeci- 
ally  in  the  fecond,  will,  alone,  furnilh  mat- 
ter for,  at  leaf!:,  as  much  experimental  in-« 
veftigation  as  all  that  I  have  yet  gone 
through  ;  and  I  need  not  tell  the  real  phi- 
lofopher,  that  many  of  them  are  of  fuch 
a  nature,  as  promife  to  reward  the  faga- 
cious  experimenter  with  the  moft  impor- 
tant difcoveries,  as  they  evidently  border 
upon,  and  may  lead  to,  much  greater 
things  than  any  that  I  have  hitherto  in- 
veftigated  ;  and  my  hints  for  other  new 
experiments,  which  1  have  not  thought 
it  worth  while  to  trouble  the  reader  with 
at  this  time,  arc  more  than  I  have  ever  had 
before  me  fince  I  began  thefe  inquiries. 
From  this  I  think  I  may  reaibnably  infer, 
that  the  fubjed  is  fo  far  from  being  ex~ 
haujicd^  that  the  moft  that  can  be  faid  of  it 

is. 
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is,  that  it  is  pretty  well  opened,  fo  as  to 
exhibit  an  inviting  profped:  to  future  in- 
veftigation. 

To  accelerate  this  inveftigation,  I  have 
hitherto  made  the  moft  early  publication 
of  my  obfervations,  and  have  concealed 
from  no  perfon  whatever  any  thing  that 
has  occurred  to  me ;  and  though  this  con- 
duct has  expofed  me  to  fome  inconveni- 
ence, I  am  not  yet  difcouraged ;  but,  who- 
ever may  avail  themfelves  of  it,  I  fhall,  for 
fome  time  longer,  at  leaf!:,  and  I  hope 
through  life,  perfift  in  the  fame  habit  of 
the  mofi:  open  and  unreferved  communica- 
tion, private  and  public. 

I  have  not  in  this  volume,  as  in  the 
former,  a  lediion  of  conjc^lures ^/peculations^ 
and  hints,  becaufe  I  have  not  yet  fuffi- 
ciently  reflected  upon  the  faBs  that  fug- 
geft  them.  The  fads,  however,  will  fur- 
nilh  abundant  matter  to  thofe  who  are 
difpofed  to  fpeculate,  and  efpecially  on  the 
fubjed;  of  the  mutual  convertibility,  and 
ultimate  identity,  of  all  the  acids  Vv^hen 
combined  with  fubflances  in  the  form  of 
4  *  air  ; 
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air ;  but  I  chufe  to  wait  for  more  fads, 
before  I  deduce  any  general  theory.  In 
the  mean  time  the  field  is  as  open  to 
others  as  to  myfqife 
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THE 

INTRODUCTION, 

CONTAINING 

An  Account  of  an  additional  Apparatus  fof 
experiments  on  Air^  and  of  the  precautions  pro-^ 
per  to  he  attended  to  in  the  ufe  of  it. 

HAVING  made  fome  improvements  in 
my  apparatus^  for  making  experiments 
on  different  kinds  of  air,  it  will  be  mofb  con- 
venient, in  purfuance  of  the  method  which 
I  took  in  the  firfl  volume  of  thefe  obferva- 
tions,  to  give  a  jfhort  account  of  the  feveral 
parts~  of  it,  previous  to  my  entering  upon  the 
detail  of  the  experiments  themfelves ;  and. 
likewife  to  be  a  little  more  particular  in  the 
account  of  fome  things  of  this  nature,  which 
I  thought  it  unneceffary  to  dwell  upon  be- 
fore, but  which  I  now  find  it  would  have  been 
ufeful  to  many  perfons,  if  I  had  explained  more 
fully  at  that  time. 

I  muft  acknowledge,  however,  that,  with 
refpedt  to  many  things,  which  thofe  who  are 
altogether  unufed  to  experiments  of  this  kind 
complain  that  they  did  not  underftand,  till 
they  faw  me  perform  the  operations  in  their 

c  prefeace. 
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prefence,  it  was  abfolutely  impofTible  that  I 
fhould  have  done  otherwife,  without  being 
veiy^4:edious,  and  even  appearing  ridiculoufly 
trifling,  to  thofe  who  were  at  all  verfed  in 
things  of  this  natu.i:e.  And  though  I  am  will- 
ling  to  facrifice  a  great  deal  to  the  defire  that 
I  have  to  facilitate  thefe  inquiries  to  begin- 
ners i  yet  as  I  do  not,  in  thefe  volumes,  pre- 
tend to  compofe  an  elementary  treatife^  for  the 
ufe  of  thofe  who  have  no  previous  knowledge 
of  the  fubjedt  (but,  beginning  where  others 
have  left  it<,  to  refume  the  inquiry,  and  extend 
the  bounds  of  our  knowledge  relating  to  it) 
propriety  requires  that  I  do  not  facrifice  /^o 
much  to  fo  foreign  an  object.  Befides,  that 
readinefs  and  certainty  in  the  ufe  of  inftru- 
ments,  which  is  acquired  by  experience,  can- 
not be  communicated  by  any  verbal  inftruc- 
tion,  but  mull  be  the  refult  of  much  pradice, 
with  refped  to  others,  as  it  was  with  myfelf ; 
and  a  variety  of  fubfidiary  helps,  which  con- 
tribute much  to  the  facility  and  elegance  of 
operating,  will  fo  certainly  occur  to  'any  per- 
fon  who  fhall  adually  go  to  work  in  this  bu- 
nefs,  that  it  is  altogether  unnecelTary  to  enter 
into  a  detail  of  them. 

Befides,  every  man  will,  in  many  things, 
have  a  method  of  his  own  •,  fo  that  two  per- 
ibns,  who  fliould  do  the  very  fame  things, 

would 


INTRODUCTION.       xxxv 

.would  fall  into  different  methods  of  doing 
them,  and  it  is  probable  that  each  of  them 
would  fancy  that  there  was  a  peculiar  ad- 
vantage in  his  own.  Leaning,  however,  as  I 
profefs  I  always  do,  to  an  inclination  to  gra- 
tify beginners,  and  to  give  them  all  the  alTift- 
ance  in  my  power,  I  fhall  be  as  particular, 
as  with  propriety  I  can  be,  in  the  delcription 
of  the  principal  inftruments,  and  mode  of 
operating,  which  I .  have  made  ufe  of  in  my 
late  experiments. 

The  figures  a,  a,  a^  reprefent  phials^  of 
which  I  have  made  very  great  ufe  in  the  whole 
courfe  of  my  experiments.  They  are  made 
.round,  and  very  thin  at  the  bottom,  and  the 
mouth  is  ground  fmooth ;  fo  that  they  may 
be  either  ufed  with  a  cork,  or,  being  filled 
with  quickfilver,  or  any  other  fluid,  will  fland 
firm  when  inverted,  and  placed  upright,  in 
bafons  containing  the  fame  fluid.  "When  they 
are  ufed  with  corks,  like  common  phials, 
they  will  bear  the  application  of  a  pretty  fud- 
den  heat  from  the  flame  of  a  candle,  or  other- 
wife,  which  the  common  phials,  being  gene- 
rally thickeft  at  the  bottom,  will  not  bear ; 
and  therefore,  before  I  got  thefe  phials,  I  ufed 
to  grind  the  bottoms  of  the  common  phials 
very  thin :  but  I  have  found  a  very  great  con- 
venience in  having  thefe  made  thin  on  pur- 
c  2  pofe; 
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pofe-,  and  befides,  their  being  round  at  the 
bottom,  is,  on  many  accounts,  a  great  ad- 
vantage. 

"Without  veffels  of  this  form,   it  is  hardly 
pofTible  to  extra6t  air  from  any  fubftance  con- 
fined by  quickfilver,  which  is  an  operation 
that  the  reader  will  find,    in  the  courfe  of  this 
volume,   I  have  made  very  great  ufe  of ;   but 
nothing  is  eafier  in  fuch  velTels  as  thefe :  for 
{landing  with  their  mouths  downwards,   and 
the  fubftances  on  which    the    experiment   is 
made  lying  on  the  furface  of  the  quickfilver, 
juft  under  the  thinneft  part  of  the  glafs,  it  is 
very  eafy  to  prefent  them  to  the  focus  of  the 
burning  lens,  in  fuch  a  manner  that  they  fhall 
be  expofed  to  all  the  power  of  it,  without 
breaking  the  glafs.     Care,  however,  muft  be 
taken,   to  place  them  Ihort  of  the  focus  at 
firft,  that  the  greateft  degree  of  heat  may  not 
be  communicated  at  once.     In  moft  cafes  this 
moderate  heat  will  be  fufficient  to  produce  a 
confiderable  quantity  of  air  ;   and  as  there  will 
then  be  a  ipace  void  of  every  thing   but  air 
between  the  glafs  and  the  fubftance  on  which 
the  heat  is  to   be  thrown,  the  greateft  heat 
that  the  lens  .can  produce  may   be   direfted 
upon  it;  fince  the  glafs  through  which  the 
rays  are  tranfmitted,   being  at  fome  diftance 

from 
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from  the  focus,  is  In  no  danger  of  being  bro- 
ken or  melted. 

A  fkilful  operator  will  be  able  to  fill  his 
veflel  with  the  newly  generated  air  by  this 
means  •,  but,  in  general,  he  will  do  well  to 
content  himfelf  with  getting  it  half-full,  or 
lefs  •,  for  as  the  glafs  is  neceffarily  thicker  to- 
wards the  mouth,  there  will  be  fome  danger 
of  breaking  it  when  the  rays  are  tranfmitted 
near  that  place,  and  of  lofmg  the  air  that  has 
been,  perhaps,  with  great  trouble  and  diffi- 
culty, procured.  This  has  frequently  hap- 
pened to  myfelf,  and  does  fo  ftill  every  now 
and  then,  long  accuftomed  as  I  have  been  ta 
the  operation. 

If  the  fubflance  on  which  the  experiment  is 
made  be  in  the  form  of  a  poijuder,  as  red  lead, 
and  even  many  very  light  fubftances,  it  will 
be  moll  convenient  to  put  them  into  the  vef- 
fel  firft ;  and  the  quickfilver  may,  with  care, 
be  poured  upon  them  afterwards,  fo  as  to  keep 
the  fubftance  at  the  bottom  •,  and  yet,  when 
the  velTel  is  inverted,  it  will  remain  at  the 
top.  When  the  light  matter  will  not  lie  clofe, 
it  will  not  be  difficult,  fometimes,  to  inter- 
cept it  in  the  ftrait  part  of  the  phial,  at  the 
neck  j   but  it  will  often  be  moft  convenient  to 

form 
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form  thefe  light  matters  into  fmall  balls,  and 
put  them  into  the  veiTel,  through  the  quickfil- 
ver,  with  which  it  has  been  previoully  filled. 

I  would  obferve,  with  refpect  to  this  procefs, 
and  every  other  in  which  veflels  are  to  be  fill- 
ed with  quickfilver,  and  then  to  be  placed  in- 
verted in  bafons  of  the  fame,  that  no  ope- 
ration is  eafier  (unlefs  the  mouth  of  the  veflel 
be  exceedingly  wide)  when  the  mouth  of 
it  is  covered  with  foft  leather,  and,  if  necef- 
fary,  tied  on  with  a  firing,  before  it  be 
turned  upfide  down  ;  and  the  leather  may  be 
drawn  from  under  it  when  it  is  plunged  in 
the  quickfilver.  If  the  mouths  of  the  vefi^els 
be  very  narrow,  it  will  be  fufficient,  and  m.oft 
convenient,  to  cover  them  with  the  end  of 
oj.ie's  finger. 

In  this  procefs,  there  remains  lefs  doubt  of 
the  generated  air  coming  from  the  materials 
on  which  the  experiment  is  made,  than  when 
the  focus  of  the  lens  is  thrown  upon  them  in 
■vacuo''.,  becaufe  there  will  often  be  room  to 
fufpeft  tb.at  common  air  may  get  into  the  re- 
ceiver, in  the  courfe  of  a  long  procefs,  at  fome 
place  not  fufficiently  guarded  •,  and  befides, 
it  is  a  great  fatisfaftion  to  fee  the  quantity  of 
air  that  is  generated  at  tiny  particular  time, 
during  the  courfe  of  a  procefs  j  that  the  ope- 
rator 
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rator  may  flop  when  he  fees  he  has  got  a  quan- 
tity fufKcient  for  his  purpofe :  whereas,  un- 
lefs  he  has  a  gage  connedted  with  his  tranf- 
ferer  (which  may  be  inconvenient)  he  muft 
admit  water  into  his  receiver  before  he  can 
certainly  tell  whether  he  has  procured  any  air 
or  not  •,  and  then  it  will  be  liable  to  be  affeded 
by  the  water,  or  by  the  air  contained  in  the 
water,  and  which  will  be  fet  loofe  very  copi- 
cufly  on  its  firft  admiffion  into  the  receiver. 

But  if  the  air,  difengaged  from  any  fub- 
ftance,  will  be  attradled  by  mercury,  as  is  the 
cafe  with  all  thofe  which  contain  the  nitrous 
acid,  this  procefs  cannot  be  ufed,  and  recourfe 
jnuft  be  had  to  the  vacuum  •,  and  for  this  pur- 
pofe it  is  necelfary  that  the  operator  be  pro- 
vided with  receivers  made  very  thin,  on  pur- 
pofe for  thefe  experiments.  Such  as  are  com- 
monly ufed  for  other  experiments  are  much 
too  thick  for  this  purpofe,  being  very  liable 
to  break  with  the  application  of  the  heat  pro- 
duced by  tlie  burning  lens.  In  this  procefs, 
care  fhould  be  taken  to  place  the  materials  on 
glafs,  a  piece  of  crucible,  or  fomc  other  fub- 
ftance  that  is  known  to  yield  no  air  by  heat. 

.  The  figure  b^  reprefents  a  common  glafs 
phial  with  a  ground  flopple,  with  many  fmall 
holes  in  it,  which  was  a  happy  contrivance  of 

my 
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my  ingenious  pupil  and  friend  Mr.  Benjamin 
Vaughan.  It  is  of  excellent  ufe  to  convey 
any  liquid,  or  even  any  kind  of  air,  contained 
in  it,  through  the  water,  into  a  jar  Handing 
with  its  mouth  inverted  in  it,  without  admit- 
ting any  mixture  of  the  common  air,  or  even 
of  the  water ;  and  yet  the  air  generated  within 
it  has  a  fufhcient  out-let.  Thefe  phials  will 
be  found  ufeful  in  a  great  variety  of  experi- 
ments. 

The  figure  <:,  reprefents  a  phial  of  the  fame 
form  with  a  \  but  the  neck  is  thicker,  in  order 
to  be  fitted  with  a  ground  ftopple,  perforated, 
and  drawn  out  into  a  tube,    to  be  ufed  inftead 
of  the  phial  f,  vol.  I.  plate  i.     Till  I  hit  up- 
on this  contrivance,   which  was  executed  for 
me  by  the  diredion  of  Mr.  Parker,    I  had  a 
great  deal  of  trouble  in  perforating  common 
corks,    bending   and  fitting   tubes  to  them ; 
and,    after  all,    the  corks  themfelves,    or  the 
cement,  with  which  I  generally  found  it  con- 
venient to  cover  the  ends  of  the  tubes,  ^were 
apt  to  give  way,    and  to  be  the  occafion  of 
very  difagreeable  accidents.     Befides,  if  any 
hot  acid  was  ufed,    the  vapour  would  corrode 
the,  cork,    and  an  allowance  was  to  be  made 
for  the  effed  of  that  circumftance  on  the  air : 
whereas,  with  this  apparatus,    which  is  ex- 
ceedingly convenient  and  elegant,    the  opera- 
4  tor 
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tor  may  be  fure  that  nothing  but  glafs  is 
contiguous  to  the  materials  he  works  upon, 
as  he  can  perfedly  exclude  every  other  fo- 
reign influence  -,  and  while  it  remains  un- 
broken, it  is  never  out  of  repair,  or  unfit  for 
ufe. 

For  many  purpofes,  however,  the  former 
method,  with  corks  and  tubes,  will  be  found 
very  fufficient,  and  much  lefs  expcnfive ;  efpe- 
cially  with  the  JIuor  add;  which  corrodes, 
glafs,  and  which  will  prefently  eat  through 
one  of  thefe  delicate  phials.  For  this  purpofe, 
therefore,  I  would  recommend  the  ufe  of  a 
common  and  very  thick  phial,  efpecially  as 
no  great  degree  of  heat,  and  never  any  fud- 
den  application  of  heat  is  wanted. 

The  phial  c,  will  be  found  fufficient  for  any 
purpofe  that  does  not  require  more  heat  than 
the  flame  of  a  candle  held  clofe  to  the  bottom 
of  it,  can  fupply  :  but  if  there  be  occafion 
to  place  the  phial  in  a  fand-heat,  and  confe- 
quently  if  it  muft  be  put  into  a  crucible  placed 
on  the  fire,  it  will  be  necefTary  to  have  the  tube, 
in  which  the  ground  flopple  terminates,  made 
as  long  as  may  be,  as  reprefented  by  e; 
otherwife  the  vefTels  that  receive  the  air  will 
be  too  near  the  fire.     Nine  or  twelve  inches, 

d  however. 
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however,  will  be  a  fufficient  length  for  any 
purpofe. 

I  have  great  reafon  to  congratulate  mylelf 
on  this  apparatus,  having  found  it  to  beof  moft 
admirable  ufe.  For,  in  experiments  with  air, 
where  the  greatefb  pofTible  accuracy  is  requir- 
ed, lutes  are  by  no  means  to  be  trufted,  fmce 
a  variety  of  vapours,  coming  into  contadl 
with  them,  are  confiderably  affeded  ;  whereas 
thefe  floppies  being  ground  air-tight,  the  ope- 
rator may  be  perfedly  at  eafe,  both  with  re- 
fpeft  to  the  quantity  and  the  quality  of  his 
produce.  To  exprefs  this  procefs  as  concifely 
as  poflible,  I  generally  allude  to  it,  by  faying 
that  the  phials  h^ve  ground  floppies  and  tubes. 

In  experiments  in  which  it  is  not  worth 
while  to  be  at  the  expence  of  thefe  phials  with 
ground-floppies  and  tubes,  and  yet  where  gun- 
barrels  cannot  be  trufted  to^  on  account  of  the 
materials  corroding  the  iron,  I  have-  recourfe 
to  a  kind  of  long  phial,  or  a  tube  made  nar- 
rower at  the  open  end,  nine  or  twelve  inches 
in  length,  and  of  an  equal  thicknefs  through- 
out, reprefented  fig.  d.  When  thefe  phials 
are  put  into  a  crucible  with  fand,  the  bottom 
may  be.  made  red-hot,  while  the  top  is  fo  cool, 
that  a  common  cork  (into  which  a  glafs-tube  is 
•inferted)  will  not  be  affeded  by  the  heat.     In 
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fadl,  this  veflel  is  a  kind  of  gun-barrel  made 
of  glafs,  and  is  ufed  exaftly  like  the  gun- 
barrel,  except  that  it  is  not  expofed  to  fo  great 
a  degree  of  heat. 

When  the  materials  are  put  into  this  vefTel, 
it  muft  be  filled  up  to  the  mouth  with  fine 
fand,  that  will  give  no  air  by  the  application 
of  heat,  and  the  cork  muft  be  thruft  down 
clofe  upon  the  fand.  The  air  muft  be  received 
as  in  plate  2.  fig.  7.  vol.  I.  Could  this  glafs- 
velTel  bear  as  great  a  degree  of  heat,  and  as 
fuddenly  applied  as  the  gun-barrel,  it  would 
be  an  excellent  inftrument  indeed.  I  have 
fometimes  thought  of  getting  them  made  of 
that  kind  of  clay  which  is  ufed  for  making 
crucibles ;  but  thefe  of  glafs  have  been  gene- 
rally fufHcient  for  my  purpofe. 

When  a  perfon  has  a  great  many  trials  to 
make  of  the  goodnefs  of  air,  it  is  of  no  fmall 
importance  to  have  contrivances  by  which  he 
may  fave  time.  Having,  particularly,  had 
frequent  occafion  to  meafure  the  purity  of  air 
by  means  of  nitrous  air,  in  which  it  is  fome- 
times necelTary  to  put  feveral  meafures  of  one 
kind  to  one  meafure  of  the  other  •,  and  being 
wearied  with  taking  all  the  meafures  fep^ate- 
ly,  at  length  I  hit  upon  the  very  ufeful  expe- 
dient of  having  the  meafures  ready-made,  con- 
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filling  of  veflels,  the  capacities  of  which  had  a 
known  proportion  to  each  other,  as/,/,/,  each 
vefiel  holding  twice  as  much  as  the  fize  next  lefs 
than  it.  It  is  likewife  convenient  to  have  the 
vefiels  in  which  the  mixture  of  air  is  made, 
fig.  gy  marked  in  a  manner  correfponding  to 
thefe  phials,  that  the  diminution  of  the  air 
may  be  perceived  at  once,  without  the  appli- 
cation of  any  meafure.  If  one  of  thefe  phials 
contain  an  ounce-meafure,  and  the  reft  be 
multiples  and  fubdivifions  of  it,  it  will  be 
ftill  more  convenient. 

"When  the  quantities  of  air  to  be  meafured 
are  very  fmall,  phials  will  be  too  large.  I 
have  therefore  a  fet  of  fmall  tubes,  h,  h^  h, 
bearing  the  fame  proportion  to  each  other 
with  the  phials,  the  fmalleft  of  which  contains 
very  little  indeed  ;  and  likewife  a  longer  tube, 
f,  marked  in  a  correfponding  manner,  in 
which  to  mix  the  air  contained  in  thofe  tubes. 


SECTION 


L    I    ] 


SECTION      r. 


Of  Vitriolic  Acid  Air. 

I  Had  no  fooner  exhibited  the  marine  acid 
in  the  form  of  air,  than  it  occurred  to  me 
that  it  might  be  poiTible  to  exhibit  the  other 
acids  alfo  in  the  fame  elegant  manner,  di- 
vefted  of  the  water  with  which  they  had  hi- 
therto been  combined,  and  which  muft  ne- 
celTarily  have  been  a  great  obftruclion  to  the 
difcovery  of  their  real  natures  and  affinities ; 
but  not  being  a  practical  Chemift,  and  living 
in  the  country,  where  I  had  no  acccfs  to  any 
perfon  of  that  profeffion,  and  indeed  not  be- 
ing fufficiently  able  to  explain  my  wants,  I 
met  with  many  hindrances  in  the  profecu- 
tion  of  my  inquiries  into  this  fubje^l. 

My  firft  fcheme   was  to  endeavour  to   get 

the  vitriolic  acid  in  the  form  of  air,  thinking 

B  that 
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that  It  would  probably  be  eafy  to  confine  It 
by^  quickfiiver ;  for  as  to  the  nitrous  acid, 
its  affinity  v/ith  quickfiiver  is  fo  great,  that . 
1  defpaired  of  being  able  to  confine  it  to  any 
purpofe,  as  I  have  obferved  in  the  former 
volume,  p.  273.  I  therefore  wrote  to  my 
friend  Mr.  Lane,  to  procure  me  a  quantity 
of  'volatile  'vitriolic  acid.  Which  is  the  common 
vitriolic  acid  combined  with  phlogifton,  at 
the  time  that  I  was  intent  upon  the  profecu- 
tion  of  my  former  experiments  •,  but  by  fome 
miftake  of  my  meaning,  a  different  thing 
from  what  I  intended  was  fent  me. 

Seeing  Mr.  Lane  the  winter  following,  he 
told  me  that  if  I  would  only  heat  any  oily 
or  greafy  matter  with  oil  of  vitriol,  I  fhould 
certainly  make  it  the  very  thing  I  wanted,  viz. 
the  volatile,  or  fidphiireoiis  vitriolic  acid ;  and 
accordingly  I  meant  to  have  proceeded  upon 
this  hint,  but  was  prevented  from  purfuing 
it,  by  a  variety  of  engagements,  till  after  the 
publication  of  my  late  treatife. 

Som.e  time  after  this,  I  was  in  company 
with  Lord  Shelburne  at  the  feat  of  Monf. 
Trudaine,  at  Montigny  in  France,  where, 
with  that  generous  and  liberal  fpirit  by  which 
that  noblem.an  is  diflinguillied,  he  has  a  com- 
plete apparatus  of  philofophical  inftruments, 

\vith 
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with  every  other  convenience  and  affiftance 
for  piirfuing  fuch  philofophical  inquiries  as 
any  of  his  numerous  guefts  fhall  chufe  to  en- 
tertain themfelves  with.  In  this  agreeable 
retreat  I  met  with  that  eminent  philofopher 
and  chymiil,  Monf.  Montigni,  Member  of 
the  Royal  Academy  of  Sciences  ^  and  con- 
veriing  with  him  upon  this  fubjeft,  he  pro- 
pofed  our  trying  to  convert  oil  of  vitriol  into 
vapour,  by  boiling  it  with  a  pan  of  charcoal 
in  a  cracked  phial.  This  fcheme  not  anfwer- 
ing  our  purpofe,  he  next  propofed  our  heating 
it  together  with  oil  of  turpentine.  Accord- 
ingly we  v/ent  to  work  upon  it,  and  foon  pro- 
duced a  quantity  of  fome  kind  of  air  con- 
fined by  quickfilver  •,  but  our  recipient  being 
overturned  by  the  fuddennefs  of  the  produc- 
tion of  air,  we  were  not  able  to  catch  any 
more  than  the  firfl  produce,  which  was  little 
elfe  than  the  common  air  which  had  lodged 
on  the  furface  of  the  liquor,  and  which  ap- 
peared to  be  a  little  phlogifticated,  by  its  not 
being  much  afieded  by  a  mixture  of  nitrous 
air. 

Having   no   opportunity  of  repeating  the 

ex'periment  at  that  time,  I  did  nothing  with 

a  view  to  it  till  my  return  to  England  •,  when, 

<?n  the  26th  of  November,   1774,  I  refumed 
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the  operation,  beginning  with  olive  oil^  and 
by  the  help  of  a  more  convenient  kind  of 
glafs  veiTel,  reprefented  fig.  a^  which  1  had 
procured  for  thefe  and  other  fimilar  pnrpofes, 
I  found  very  little  difficulty  in  the  profecu- 
tion  of  the  experiments.  ^ 

As  I  wifh  that  my  reader  may  enjoy  the 
benefit  of  my  experience,  I .  would  caution 
him,  if  he  chufe  to  repeat  the  experiments, 
not  to  put  too  much  oil,  or  any  other  fimilar 
fiibflance,  to  the  oil  of  vitriol,  in  order  to 
produce  this  air.  I  began  with  ufing  about 
one  fifth  part  of  common  oil,  leaving  fpace 
enough,  as  I  thought,  in  the  phial,  for  the 
ebullition  that  might  be  occafioned  by  the 
produ6tion  of  air  ;  but  as  foon  as  the  vefiel 
was  heated  to  a  certain  degree,  the  produc- 
tion of  air  was  exceedingly  rapid  ;  and  though 
I  withdrew  the  candle  v/hich  I  liad  applied  to 
it  for  that  purpofe,  the  ebullition  continued  ta 
increafe,  till,  the  capacity  of  the  tube  not 
being  fufficient  for  the  tranfmifilon  of  the  ge- 
nerated air,  the  cork  was  driven  out  of  the 
phial,  and  all  the  contents  of  it  exploded. 

After  tliis  I  only  fiightly  covered  the  fpirit 
of  vitriol  in  the  phial  v^^'th  olive  oil,  and  then 
the  phenomena  were  fimilar  to  thofe  in  the  for- 
mer experiment,  at   the  fame  time  that  the 

proceis 
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procefs  was  more  manageable  •,  for,  by  apply- 
ing or  withdrawing  the  candle,  as  I  faw  occa- 
Iion,  I  got  what  quantity  of  air  I  pleafed  ; 
and  removing  the  phial,  in  this  frate  of  ebul- 
lition, from  one  veffel  to  anotlier,  I  filled  feve- 
ral  of  them  with  this  new  fpecies  of  air,  as 
eafily  as  I  had  been  ufed  to  do  it  v/ith  the  ma- 
rine acid  air  •,  and  tlie  whole  procefs  was  a5 
pleafing  and  as  elegant.  Indeed,  this  man- 
ner of  producing  air  from  fubftances  con- 
tained in  fmall  phials,  and  receiving  the  pro- 
duce in  quickfilver,  when  it  is  of  fuch  a 
nature  tliat  it  cannot  be  confined  by  v/ater, 
has  never  failed  to  ftrike  every  perfon  to  whom 
I  have  lliewed  it. 

The  moment  that  I  faw  the  acid  of  vitriol 
alTume  the  form  of  air  by  the  addition  of  phlo- 
gifton,  I  concluded  that  the  m.arine  acid  alfo 
muft  have  been  capable  of  being  exhibited 
in  the  fame  manner,  by  nieans  of  the  phlo- 
gifton  which  it  naturally  contains,  and  Vv^hich  is 
infeparable  from  it  •,  ai  d  moreover,  that,  pro- 
bably, fom.e  portion  of  phlogiilon  miay  be  ne- 
ceflary  to  the  volatility  and  elafticity  of  all 
fubftances  whatever  •,  fo  that  the  marine  acid 
air  may  not  be  precilely  what  I  had  be- 
fore imagined,  viz.  the  'pure  marine  acid  in  the 
form  of  air  \  but  that,  though  it  is  by  this 
means  exhibited  free  from  water,  vv'hich,  in  a 
B  3  variety 
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variety  of  refpefts,  modifies  and  reftrains  its 
action  upon  various  bodies,  it  is  ftiil  combined 
with  a  portion  of  phlogillon.  Since,  how- 
ever, all  the  bodies  v/ith  which  we  are  ac- 
quainted are,  in  fome  degree,  elaftic,  being 
capable,  at  lead,  of  being  condenfed  by  cold, 
and  dilated  by  heat,  it  may  not  be  poffible  to 
feparate  this  principle  intirely  from  any  fub- 
flance  in  nature  •,  and  therefore,  in  a  fenfe  fuf- 
ficiently  near  the  truth,  it  may  ftill  be  faid 
that  the  marine  acid  air  is  nothing  but  the 
marine  acid  ;  the  phlogillon  it  contains  being 
fo  fmall,  as  not  to  be  difcoverable  by  any  of 
the  ufual  tefts  of  its  prefence. 

Before  any  air  is  produced  from  the  mixture 
of  inflammable  matter  and  oil  of  vitriol,  the 
whole  quantity  becomes  very  black-,  and  a 
quantity  of  this  fpirit,  thus  impregnated  with 
phlogifton,  will  yield  many  times  more  air 
than  an  equal  quantity  of  the  ftrongefl  fpirit 
of  fait :  but  I  never  meafured  it  with  -any  ex- 
adnefs. 

"When  the  vitriolic  acid  air  is  produced  in 
great  plenty,  the  top  of  the  phial  in  which  it 
is  generated  is  generally  filled  with  white  va- 
pours. This  air  has  alfo  the  fame  appearance 
as  it  is  tranfmitted  through  the  glafs  tube,  and 
it  is  fometimes  difcoverable  in  the  recipient. 

2  Vitriolic 
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Vitriolic  acid  air  is  equally  tranfparent  with 
marine  acid  air,  and  feems  to  have  no  more 
affinity  with  quickfilver  -,  for  when  confined 
by  quickfilver,  the  dimenfions  of  it  are  not 
liable  to  any  variation,  excepting  by  heat 
and  cold,  jufl  like  common  air;  provided 
there  be  no  moifture  in  the  recipient,  or  in  the 
quickfilver.  As  the  refemblance  between 
thefe  two  acid  airs  was  fo  great,  it  was  natural 
for  me  to  have  a  view  to  the  experiments  I  had 
made  with  the  marine  acid  air,  in  conducing 
thefe  that  relate  to  the  vitriolic  acid,  which 
the  reader  will  eafily  perceive. 

Water  being  admitted  to  the  vitriolic  acid 
air  abforbed  it  about  as  readily  as  the  ma. 
rine  acid  air ;  and  by  its  union  with  it  mufh 
have  formed  the  volatile  or  fulphureous  acid 
of  vitriol.  Indeed  the  refult  of  this  combi- 
nation was  fo  obvious,  that  I  did  not  think 
it  neccffary  to  make  the  experiment. 

Like  the  marine  acid  air,  this  vitriolic  acid 
air  extinguiilies  a  candle,  but  without  any 
peculiar  appearance  in  the  colour  of  the  flame, 
as  it  goes  out,  or  as  it  is  lighted  again,  which 
is  obfervable  when  the  experiment  is  made 
with  the  marine  acid  air.  Vitriolic  acid  air  is 
^Ifo  heavier  than  common  air  ;  for  a  candle 
being  let  down  into  a  velTel  filled  with  it,  was 
B  4  extinguifhed 
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extinguifhed  many  times  fuccefiively,  and  even 
after  it  had  flood  a  full  lioiir  with  its  mouth 
cxpofed  to  the  common  air. 

Ice  is  inftantly  diffolved  in  this,  as  well  as 
in  the  marine  acid  air,  and  the  water  impreg- 
nated with  it  continues  to  difiblve  more  ice. 
Upon  this  occafion  I  obferved  that  this  acid 
air  bears  to  be  expofed  to  cold,  without  any 
greater  diminution  of  its  bulk  than  common 
air  is  fubjedl  to  in  the  fame  circumftances ; 
which  appears  to  me  to  be  a  fufficientiy  proper 
criterion  to  dillinguifli  nir  from  vapour.  In  a 
certain  degree  of  heat,  indeed,  even  water 
may  be  exhibited  in  the  form  of  air ;  but  it 
is  a  degree  of  heat -that  far  exceeds  what  is 
iifual  in  our  atmofphere-,  and  in  other  cafe? 
terms  are  applied  to  very  great  ufe,  for  the 
diftinftion  of  bodies,  which,  if  examined  with 
ftridrnefs,  would  be  found  ultimately  to  run 
into  one  another,  the  difference  between  them 
being  in  degree  rather  than  in  kind :  but  a  very 
great  difference  in  degree  affords  a  fufRcient 
foundation  for  a  difference  in  appellation. 

The  phenomena  whicli  attend  the  mixing 
of  alkaline  air  with  the  marine  acid  air,  were 
fo  ftriking,  that  I  had  not  been  many  hours  in 
i3ofrcfrion  of  the  vitriolic  acid  air  without  try- 
ing whether  the  effed  of  the  fame  mixture  witl^ 

this 
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this  acid  air  would  not  make  a  fimilar  appear- 
ance, and  the  experiment  fully  anfwered  my 
expeflations.  A  like  beautiful  white  cloud 
was  formed  the  moment  that  thefe  two  kinds 
of  air  came  into  conta6t,  the  quantity  of  air 
was  diminifhed  as  faft  as  the  alkaline  air  was 
admitted,  and  the  quickfilver  rofe  almoft  to 
the  top  of  the  receiver. 

I  obferved  alfo,  that  when  I  put  the  alka- 
line air  to  the  vitriolic  acid  air,  the  white 
cloud  rofe  immediately  to  the  top  of  the  vef- 
fel,  as  in  tlie  experiment  with  the  marine  acid 
air;  which  proves  that  the  alkaline  air  is,  in 
both  cafes,  the  lighter  of  the  two.  In  both 
cafes  alfo,  if  the  alkaline  air  be  produced  firll, 
the  acid  air  being  admitted  to  it,  forms  a  cloud 
which  refts  upon  the  quickfilver ;  never  ex- 
tending beyond  a  very  fmall  fpace,  and  rifmg 
only  as  the  quickfilver  rifes.  The  fubftance 
that  is  formed  by  the  union  of  the  alkaline  air 
with  the  vitriolic  acid  air,  muft  neceflarily 
be  the  vitriolic  fat  amtnoriiac  -,  but  I  made  no 
experiment  to  afcertain  it.  The  quantity  of 
this  fait  with  which  my  receivers  are  coated  in 
thefe  experiments  is  readily  diffolved  in  water, 
as  in  the  experiments  v/ith  the  marine  acid  air. 
This,  however,  it  will  be  feen,  is  not  the 
cafe  with  the  fait  that  is  formed  by  another  of 
^he  acid  "airs  with  alkaline  air. 

.    The 
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The  mixture  of  other  kinds  of  air  with 
vitriolic  acid  air  produced  no  remarkable  ap^ 
pearance  whatever.  When,  however,  I  had 
put  a  quantity  of  this  acid  air  to  a  quantity  of 
common  air,  in  order  to  obferve  whether  the 
former  might  not  part  with  fome  of  its  phlo- 
gifton  to  the  latter,  though  I  perceived  no 
immediate  diminution  of  the  bulk  of  air,  as 
in  the  mixture  of  nitrous  and  common  air ;  yet 
when  they  had  continued  together  two  days, 
and  water  being  admitted  to  the  mixture  had 
^bforbed  the  acid  air,  the  common  air  which 
remained  appeared,  by  the  tefb  of  nitrous  air, 
to  be  confiderably  injured ;  fo  that  the  vitriolic 
acid  air  muft  have  communicated  fome  of  its 
phlogifton,  which  is  an  effect  that  is  not  pro- 
duced by  the  marine  acid  air  when  mixed  with 
common  air.  What  effed:  the  vitriolic  acid 
air  would  have  had  upon  other  kinds  of  air, 
had  they  continued  together  a  longer  time,  \ 
cannot  tell. 

A  quantity  of  this  acid  air  mixed  with  in- 
flammable air  (lood  fome  hours ;  but  when 
water  had  been  admitted  to  them,  I  could  not 
perceive  either  that  the  quantity  of  inflam- 
mable air  was  altered,  or  that  its  inflamma- 
|)ility  was  in  the  leafl  impaired. 

I  once 
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I  once  put  equal  quantities  of  marine  an4 
vitriolic  acid  air  into  the  fame  receiver,  and 
pbferved  that  they  miffed  without  exhibiting 
any  appearance  v/hatever  ;  and  when  alkaline 
air  was  admitted  to  them,  the  appearance  was 
the  fam.e  as  if  it  had  been  admitted  to  either 
of  them  fmgly,  the  white  cloud  rifing  inftantly 
to  the  top  of  the  veiTel.  Had  I,  after  the  ex- 
periment, examined  the  falts  which  adhered 
to  different  parts  of  the  infide  of  the  vcfTelj 
I  might  perhaps  have  difcovered  which  of  the 
two  acid  airs  was  fpecifically  lighter  than  the 
other ;  but  I  fufped  that  they  were  intimately 
mixed,  and  therefore  that  the  fait  was  fomc 
uniform  compofition,  between  the  common 
and  the  vitriolic  fal  amrnoniac. 

I  thought  it  rather  extraordinary,  that  wherc^' 
as  the  marine  acid,  which  is  reckoned  the 
weakefl  of  all  the  three  mineral  acids,  Ihould, 
when  exhibited  in  the  form  of  air,  be  able  to 
diflodge  both  the  vitriolic  and  the  nitrous  acids 
from  feveral  of  their  bales ;  yet  that  this  vi- 
triolic acid,  which  is  reckoned  the  ftrongeft 
of  the  three,  when  leemingly  exhibited  to  equal 
advantage,  by  being  divefted  of  the  water  with 
which  it  is  ufually  combined,  fhould  not,  in 
any  inftance  in  which  I  made  the  experiment, 
diflodge  either  of  the  other  acids  from  any 
t>afis  with  which  they  were  united.      Niire^ 

common 
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'common  fait ^  2lvA  fal  ammoniac^  were  all  intro- 
duced to  this  air,  without  either  afFedling  it, 
or  being  afFe(5led  by  it. 

Vitriolic   ether  imbibes  vitriolic  acid  ait  as 
readily  as  water  imbibes  it.     The  ether,  how- 
itver,  was   fodn  faturated  with  it,    and  after-- 
wards  was,  to  all  appearance,   both  as  tranf- 
parent,  and  as  inflammabie  as  before. 

A  piece  of  phofpborus  remained  a  day  and 
two  nights  in  vitriolic  acid  air,  without  fen- 
fibly  affefting  it.  It  gave  no  light  in  this  air ; 
'but  the  upper  furface  of  it  turned  black,  and 
thfe  furface  of  the  quickfilver  on  which  it  lay, 
had  a  deep  yellow  or  blackiih  kind  of  fcum 
upon  it,  as  if  it  had  been  in  part  difTolved  by 
tlie  acid. 

-  Iron  is  readily  diflblved  in  marine  acid  air, 
biit  is  not  at  all  affected  by  the  vitriolic  acid 
air;  though,  when  combined  with  water,  it 
is  fo  powerful  a  menftruum  for  iron.  But 
this,  indeed,  is  the  lefs  extraordinary,  as  this 
acid  ceafes  to  affe6l  iron  when  it  is  ftrongly 
concentrated.  I  kept  a  number  of  iron  nails 
in  vitriolic  acid  air  two  days,  without  any  fen- 
fible  effed  either  upon  the  air,  or  the  nails. 
There  was  no  appearance  of  tlieir  being  in  the 
leaft  corroded. 

A  piece 
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A  piece  of  liver  of  fulphur,  in  three  days, 
abforbed  the  v/hcle  of  a  quantity  of  this  kind 
of  air,  without  fenfibly  affe6ling  the  colour  or 
appearance  of  the  liver  of  fulphur. 

Charcoal,  which  forms  inflammable  air,  by 
being  introduced  to  marine  acid  air,  only  ab- 
forbs  the  vitriolic  acid  air ;  v/hich,  however, 
it  does  pretty  rapidly,  and  acquires  a  pungent 
fmell  from  being  expofed  to  it,  without  pro- 
ducing any  other  ^eftedt  that  I  could  perceive. 
I  made  feveral  pieces  of  charcoal  imbibe  as 
much  of  this  acid  air  as  they  could  ;  but,  after 
this,  frefli  pieces  abforbed  the  remainder,  fo 
that  the  air  had  only  been,  as  it  were,  con-. 
denfed  on  its  fi.rface.  This  I  have  obferved 
to  be  the  cafe  with  alkaline  air,  and  in  fome 
experiments  with  other  kinds  of  air  which 
cannot  be  confin-ed  but  by  quickfilver ;  and 
I  do  not  clearly  underftand  it.  The  char- 
coal, in  this  experiment,  was  made  very  dry, 
or  it  might  have  been  fufpeded  that  the  moil- 
ture  adhering  to  it  had  abforbed  the  air. 

Vitriolic  acid  air  diflblved  camphor  pretty 
readily,  and  reduced  it  to  a  tranfparent  liquor. 
Water  being  admitted  to  it,  the  camphor  re- 
affumed  its  natural  folid  form,  but  feemed  to 
have  acquired  an  acidity  in  its  tafte. 

I  I  have 
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I  have  noticed  a  very  remarkable  eFect  of 
alkaline  air  upon  alum,  rendering  it  white  and 
opake,  as  if  it  had  been  calcined,  but  without 
altering  its  figure.  The  fame,  to  appearance, 
is  the  efFe6l  of  vitriolic  acid  air  upon  borax. 
This  fubftance  abforbed  a  pretty  large  quan- 
tity of  this  air  in  two  days.  What  remained 
of  the  air  extinguilhed  a  candle.  But  this 
effe(5t  v/as  probably  owing  to  a  fmall  propor- 
tion of  fixed  air  that  was  produced  at  the  fame 
time  with  the  vitriolic  acid  air.  I  repeated 
this  experiment  with  borax,  and  let  the  pro- 
€efs  continue  three  days,  when  the  effedt  v/as 
precifely  the  fame  as  before,  the  borax  retain- 
ing: its  form,  but  beino;  rendered  white  and 
opake.  The  acid  air  had,  no  doubt,  feized 
upon  the  water  which  enters  into  its  compofi- 
tion,  as  I  conje6lure  to  be  the  cafe  with  refpe(^ 
to  alkaline  air  and  alum. 

As  It  is  well  known  that  the  common  vi- 
triolic acid  is  changed  into  volatile  or  fulphu- 
reous  acid  of  vitriol  by  fumes  of  charcoal,  if 
the  velTel  in  which  it  is  heated  has  a  crack  in 
it,  through  which  the  fumes  can  have  accefs 
to  the  acid,  I  had  the  curiofity  to  try  whether 
the  fame  efFe6t  would  not  be  produced  by  heat- 
ing the  charcoal  in  the  acid.  Accordingly  I  put 
fome  bits  of  charcoal  into  my  phial,  inftead  of 
the  oil,  or  other  inflammable  matter,  which  I 

had 


Of  Vitriolic  Acid  Air.  i^ 

had  ufed  before  ;  and,  applying  the  flame  of 
a  candle,  T  prefently  found  that  the  vitriolic 
acid  air  was  produced  as  well  as  in  the  former 
procefs,  and  in  feveral  refpefts  more  con- 
veniently, the  production  of  air  being  more 
equable ;  whereby  the  difagreeable  effeCl  of  a 
fudden  explofion  is  avoided. 

It  is  necefiary,  however,  that  the  charcoal 
be  very  well  burned,  fo  that  all  air  be  expelled 
from  it ;  otherwife,  there  will  be  a  mixture 
of  fixed  or  inflammable  air  along  with  the 
acid  air,  efpecially  when  a  confiderable  degree 
of  heat  is  applied  to  produce  the  air.  Hav- 
ing often  got  vitriolic  acid  air  from  charcoal, 
on  account  of  the  eafy  and  equable  production 
of  it  in  this  m.anner,  I  feveral  times  obferved 
that  there  v/as  a  confiderable  refiduum  after 
it  had  been  expofed  to  water:  and  once  I  found 
that  the  refiduum  made  lime-v/ater  turbid; 
a  fure  fign  of  its  containing  fixed  air. 

"When  I  endeavoured  to  procure  this  air  by 
the  fame  procefs  from  ether ^  about  one  half  of 
the  produce  was  permanent  and  inflammable. 
The  oil  of  vitriol  became  perfedly  black  by 
this  means,  as  in  heating  other  phlogiftic  mat- 
ters in  it.  Afterwards,  heating  the  fame  oil 
oi  vitriol  and  ether,  about  one  fourth  of  the 
produce  only  was  inflammable  •,  and  had  I  con-. 

tinued 
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tinned  to  ufe  the  fame  mixture,  the  product' 
would  probably  have  been  lefs  and  leis  inflam- 
mable, and  more  purely  acid,  every  experiment. 

Finding  that  a  great  variety  of  fubllances, 
containing  phlogifton,  enabled  the  oil  of  vitriol 
to  throw  out  a  permanent  acid  air,  I  had  fomc 
fufpicion  that  mere  heat  might  do  the  fame ; 
but  I  did  not  find  that  there  was  any  founda- 
tion for  that  fufpicion.  When,  indeed,  I  put 
nothing  into  the  phial  along  with  the  oil  of 
vitriol,  but  only  heated  it  in  a  phial  clofed 
with  a  common  cor'k.,  air  was  produced  pretty 
faft ;  but  the  cork  was  corroded,  and  the  oil 
of  vitriol  was  as  black  as  if  the  cork  had  been 
dipped  into  it ;  fo  that  phlogifton  had  evi- 
dently come  from  the  cork.  It  was  plain, 
however,  that  fome  acid  vapour  had  rifen^  or 
the  cork  could  not  have  been  affected  by  it. 

When,  however,  by  the  help  of  Mr.  Parker^ 
I  got  glafs  phials  with  ground  ftopples,  per- 
forated, and  drawn  out  into  tubes,- fuch  as 
are  reprefented  fig.  r,  I  found  that  heating  the 
oil  of  vitriol  in  them  produced  no  air  what- 
ever ;  though,  for  a  long  time,  I  gave  a  fmall 
phial  as  much  heat  as  I  poffibly  could,  by 
keeping  it  furrounded  with  the  flames  ot  two 
laro-e  candles;  I  was  not  able  to  make  it  ac- 
tually  boil  with  this  heat,  but  a  white  vapour 

ilTued 
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iffued  from  It-,  and  circulated  in  the  top  of 
the  phial,  rifing  in  one  place,  and  being  con- 
denfed  in  another. 

But  though  I  got   no  d,ir  from  the  oil  of 
vitriol  by   this  procefsj    air  was  produced  at 
the  fame  time,   in   a  manner  that  I  little  ex- 
pelled, and  I  paid  pretty  dearly  for  the  dif- 
covery  it  occafioned.     Defpairing  to  get  any 
air  from  the  longer  application  of  my  candles, 
I  withdrew  them  -,   but  before  1  could  difen- 
gage  the  phial  from  the  veffel  of  quickfilverj 
a  little  of  it  paffed  through  the  tube  into  the 
hot  acid;    when,  inftantly,   it  was   all  fdled 
with  denfe  white  fumes,  a  prodigious  quantity 
of  air  was  generated,  the  tube  through  which  it 
Was  tranfmitted  was  broken  into  many  pieces, 
(I  fuppofe  by  the  heat  that  was  fuddenly  pro- 
duced) and  part  of  the  hot  acid  being  fpilled 
upon  my  hand,  burned  it  terribly^    fo  that  the 
effedl  of  it  is  vifible  to  this  day.     The  infide 
of  the  phial  was  coated  with  a  white  faline 
fubftance,  and  the  fmell  that  iffued  from  it 
was  extremely  fuffocating. 

This  accident  taught  me  what  I  am  fur- 
prized  I  fhould  not  have  fufpefted  before,  viz. 
that  fome  metals  will  part  with  their  phlo- 
glfton  to  hot  oil  of  vitriol,  and  tliereby  con- 
vert  it  into  a  permanent  elaftic  ^ir,  producing 
C  ^  the 


iS  Of  Vitriolic  Acid  Air, 

the  very  fame   efFe6l  with  oil,   charcoal,  or 
any  other  inflammable  fubllance. 

Not  difcouraged  by  the  difagreeable  acci- 
dent above-mentioned,  the  next  day  I  put  a 
little  quickftlver  into  the  phial  with  the  ground 
ftopple  and  tube,  along  with  the  oil  of  vi- 
triol •,  when,  long  before  it  was  boiling  hot; 
air  iffued  plentifully  from  it  •,  and  being  re- 
ceived in  a  velTel  of  quickfilver,  appeared  to 
be  genuine  vitriolic  acid  air,  exadtly  like  that 
which  I  had  procured  before  ;  being  readily 
imbibed  by  water,  and  extinguifhing  ^  candle 
in  the  fame  manner  as  the  other  had  done.  A 
white  fait  was  formed ;  but  what  1  thought  a 
little  remarkable,  was,  that,  whereas  in  all  the 
former  experiments  the  oil  of  vitriol  turned 
black  before  it  yielded  any  air  •,  this  was  not  the 
cafe  here ;  for  it  continued  colourlefs  and  tranf- 
parent  during  the  whole  procefs. 

After  this  I  repeated  the  experiment  with 
feve;al  other  metals  ;  but  with  a  confiderabie 
variety  in  the  refults. 

Putting  pieces  of  iron  wire  into  the  oil  of 
vitriol,  a  very  fmall  quantity  of  air  was  pro- 
duced without  heat;  but  this  foon  ceafmg, 
I  applied  the  candle,  when,  v/ith  a  degree  of 
heat,   feemingly  greater  than  that  at  which  the 

aif 
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air  had  rifen  from  the  quickfilver  in  the  fame 
circumftances,  air  was  produced  in  great  plen- 
ty. When  I  had  got  about  three  ounce 
meafures  of  it,  I  admitted  water  to  it,  and 
about  four  fifths  of  the  whole  was  prefentiy 
abforbed.  The  remainder  was  inflammable, 
burning  very  red. 

Had  the  oil  of  vitriol  been  more  concen- 
trated, or  had  I  continued  the  prccefs  longer, 
a  greater  proportion  of  the  air  would  pro- 
bably have  been  acid,  and  lefs  of  it  inflam- 
mable. In  this  experim.ent  the  oil  of  .vitriol 
became  very  opaque,  being  of  a  deep  grey 
colour.'  The  iron  which  had  undergone  this 
procefs,  and  which  I  had  laid  alide  without 
any  expeftation,  was,  in  a  few  days,  covered 
with  a  whitifn  dull  j  and  after  it  had  been 
wiped  clean,  was  covered  again  with  the  fame 
matter.  It  is  very  much  unlike  the  rufting  of 
iron  in  other  circumftances. 

About  one  third  of  the  produce  of  air  from 
2;/»r,  was  acid,  and  the  remainder  inflam- 
mable. Indeed  it  was  evident  that  the  acid  • 
had  a  conftderabie  effed  upon  the  zinc  before 
the  application  of  the  candle,  fmall  bubbles 
of  air  continually  rifmg  from  it.  The  oil  of 
vitriol,  which  had  been  ufed  in  this  procefs, 
C  2  after 
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after  a  long  time,  depofited  a  white  matter^ 
which  I  fuppofe  to  be  x\\^jiowers  of  zinc^ 

Copper,  treated  in  the  fame  manner,  yielded 
air  very  freely,  with  about  the  fame  degree 
of  heat  that  quickfilver  had  required,  and  the 
air  continued  to  be  generated  with  very  little 
application  of  more  heat.  The  whole  pro- 
duce was  vitriolic  acid  air,  and  no  part  of  it 
inflammable.  The  oil  of  vitriol  remained  a 
long  time  turbid,  but  at  length  depofited  a 
brownilh  matter. 

*■ 

The  folution  of  ^.Iver  in  the  fame  manner^ 
had  the  very  fame  refult,  all  the  air  being  acidy 
and  no  part  of  it  inflammable.  The  oil  of  vi- 
triol acquired  a  kind  of  orange-colour,  and 
depofited  nothing. 

With  a  very  great  degree  of  heat  lead 
yielded  a  little  air,  which  was  wholly  acid, 
and  had  nothing  inflammable  in  it. 


'tj 


Gold  yielded  no  air  at  all  in  this  treatment ; 
but  the  oil  of  vitriol  acquired  the  fame  orange- 
colour  that  it  had  when  the  filver  had  been 
heated  in  it. 

Neither  had  this  treatment  of  platina  any 
■fenfible  effedl.     What  1  made  ufe  of  was  fome 

which 
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which  I  had  been  favoured  with  from  Dr.  Ir- 
ving carefully  purged  from  iron. 

In  moft  of  thefe  proceffes,  air  feems  to  ifllie 
from  the  fubftances  immediately  upon  the  ap- 
plication of  heat,  and  fometimes  without  it : 
and  this  firft  produce  of  air  forms  bubbles, 
which  continue  fome  time  on  the  furface  of  the 
liquor.  But  it  feems  to  be  nothing  more  than 
the  common  air  which  had  adhered  to  the  fur- 
faces  of  thofe  fubftances,  or  had  been  confined 
in  the  little  cavities  near  the  furface,  when  they 
happened  to  be  rough.  For  this  feeming  pro- 
duction of  air  foon  ceafes,  and  no  more  is  pro- 
duced v/ithout  a  much  greater  degree  of  heat ; 
and  when  the  genuine  acid  air  begins  to  rife, 
bubbles  formed  by  it  break  inftantly,  like 
bubbles  of  air  in  fpirit  of  wine,  and  there  is 
nothing  like  froth  on  the  furface  of  the  oil  of 
vitriol. 

As  fulphur  is  formed  by  the  union  of  phlo- 
gifton  with  oil  of  vitriol  highly  concentrated 
and  very  hot,  I  imagined  that  by  heating  fub- 
ftances containing  phlogifton  in  vitriolic  acid 
air,  I  could  not  fail  to  produce  fulphur  ;  but 
I  tried  charcoal  in  this  manner  without  the 
efFe6b  that  I  had  expected  from  it.  The  heat 
of  a  burning  lens  thrown  upon  it  in  this  acid 
air,  only  made  it  throw  out  that  quantity  of 
the  air,  which,  as  I  have  obferved  before,  is 
C  3  condenfed 
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condenfed  upon  its  furface,  or  imbibed  by  it. 
The  air  that  was  unabforbed  ;ifter  this  opera- 
tion was  in  ^art  fixed,  and  in  part  inflam- 
mable, having  come  from  the  charcoal. 

There  was  frequently,  however,  the  ap- 
pearance of  fulphur  produced  upon  the  mix- 
ture of  alkaline  air  with  vitriolic  acid  air  ; 
for  the  infide  of  the  tube  would  be  covered 
with  a  perfectly  yellow  matter.  But  this 
colour  goes  off  in  time,  and  nothing  but  a 
white  faline  fubftance  remains-.  This  yellow 
appearance  I  firft  obferved  when  1  had  pro- 
duced the  vitriolic  acid  air  from  ether  j  but 
afterwards  I  found  the  fame  effed  when,  it  was 
produced  frorn  charcoal,  and  ftill  more  re-. 
markably  when  it  had  been  produced  from 
copper.  Why  this  yellow  colour  Ihould  not; 
be  permanent,  I  do  not  underftand. 
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SECTION     II. 

Of  Vegetable  Acid  Air. 

Having  hit  upon  a  method  of  exhibiting 
fome  of  the  acids  in  the  form  of  air,  nothing 
could  be  eafier  than  to  extend  this  procefs  to 
the  reft.  I  had  nothing  to  do  but  either  to 
procure  the  acid  in  a  liquid  form,  viz.  com- 
bined v/ith  water,  and  then  expel  the  air  by 
heat  •,  or  to  find  fome  folid  fabftance  in  which 
it  was  combined,  and,  diflodging  it  by  fome 
ftronger  acid,  to  receive  the  generated  air  in 
quickfilver. 

To  procure  the  vegetable  acid  air^  I  was 
favoured  by  Dr.  Higgins,  with  a  quantity  of 
exceedingly  ftrong  concentrated  acid  of  vine- 
gar, from  which,  by  means  of  heat,  and  with 
the  apparatus  rep  relented  vol.  I,  plate  2.  fig.  8. 
I  could  eafily  expel  as  much  air,  as  from  an 
equal  quantity  of  fpirit  of  fait.  I  found, 
however,  that  unlefs  the  apparatus  was  fur- 
nilhed  with  a  fnall  recipient,  to  intercept  the 
liquor  that  might  .be  thrown  out  of  the  velTel 
by  boiling,  1  could  not  (except  at  the  very 
firft)  procure  this  acid  air  free  from  moifture : 
C  4  but 
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but  with  this  provifion  I  eafily  got  the  air  as 
perfectly  dry  as  I  could  wifh. 

This  vegetable  acid  air  extina:uifhes  the 
flame  of  a  candle,  exadly  like  the  vitriolic 
acid  air,  viz.  without  any  particular  colour 
of  the   flame   in   going   out,   or   in  lighting 


Upon  putting  alkaline  air  to  vegetable  acid 
air,  the  white  cloud  obfervable  in  fimilar  mix- 
tures y/as  inftantly  formed,  and  rofe  at  once 
to  the  top  of  the  veffel,  as  in  the  cafe  of  the 
other  acid  airs.  The  fides  of  the  veflel  in 
which  this  mixture  was  made,  were  tinged 
with  yellow,  as  in  the  fame  procefs  with  vitrio- 
lic acid  air  ;  which  to  me  is  a  puzzling  fa6l, 
as  I  do  not  know  that  fuch  a  fulphur  (if  the 
fubftance  be  fulphur)  was  ever  known  to  be 
fo*mecl  v/ithout  the  vitriolic  acid.  At  firft  \ 
imagined  that  this  colour  had  come  from  fome- 
thing  contained  in  the  ingredients  for  making 
the  alkaline  air  •,  but  I  prefently  found,  that 
when  I  put  the  alkaline  air,  from  the  very 
fame  preparation,  to  marine  acid  air,  the  fait 
■formed  by  them  was  perfedlly  white,  without 
the  leafl  tinge  of  yellow. 

The  afFmities  both  of  the  marine  and  of  thp 
yitriolic  acids  in  the  form  of  air,  have  been 

feen 
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feen  to  be  confiderably  different  from  what 
they  are  when  combined,  as  ufual,  with  water; 
but  in  ail  the  trials  that  I  have  made,  the  ve- 
getable acid,  even  in  this  moll  advantageous 
form  of  air,  appears  to  be  weaker  than  any  of 
the  three  mineral  acids,  exadly  as  might  be 
concluded  from  what  was  known  before  con- 
cerning it.  For  this  vegetable  acid  air  was 
not  able  to  decompofe  any  fubftance  into  the 
compofition  of  which  any  of  the  mineral  acids 
entered.  It  made  no  impreffion  upon  brim- 
ftone^  falt-petre,  common  fait,  or  fal  ammoniac -,. 
nor  yet  upon  borax. 

Charcoal  imbibes  vegetable  acid  air  very 
fail,  and  afterwards  the  fmell  of  it  is  ex- 
tremely pungent  -,  but  the  air  which  remains 
feems  not  to  have  been  altered  by  any  thing 
that  it  had  got  from  the  charcoal. 

Liver  of  fidphiir  imbibes  vegetable  acid  air 
but  (lowly,  and  is  neither  difcoloured  nor  dif- 
folved  by  it.  When  only  one  tenth  part  of 
the  air  remained,  I  examined  it,  and  found  it 
to  have  nothing  inflammable  in  it,  which  was 
the  only  effect  that  I  had  expe(5ted  from  it. 

Water  imbibes  vegetable  acid  air  as  readily 
as  any  of  the  other  acid  airs.  I  once  endea- 
youred  to  afcertain  the  quantity  of  this  air  that 

a  given 
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a  given  quantity  of  water  wotild  imbibe  ;  and 
to  meafure]  the  increafe  of  weight  and  bulk 
that  it  might  acquire  by  this  impregnation,  as 
I  had  in  fome  meafure  done  with  refped  to  the 
marine  acid,  and  alkaline  airs  ;  but  the  expe- 
riment did  not  fucceed  to  my  wifh  •,  and  I  did 
not  think  it  worth  my  while  to  attempt  it; 
again. 

For  this  purpofe  I  put  a  fmall  quantity  of 
water  into  a  glafs  tube ;  but  it  was  no  fooner 
introduced  to  the  acid  air,  through  the  quick- 
filver,  by  which  it  was  confined,  than  a  fmall 
bubble  of  comm.on  air  at  the  clofed  end  of  the 
tube  began  to  fwell,  and  it  continued  to  do  fo 
till  it  threw  out  all  the  water.  The  cafe  was 
the  fame  when  the  end  of  the  tube  was  her- 
metically fealed.  I  had  the  fame  refult  from 
fpirit  of  wine  introduced  into  this  acid  air,  in 
the  fame  circumftances,  only  the  effecSt  was 
produced  much  quicker.  With  oil  of  turpen- 
tine this  effed;  was  produced  more  quickly 
Hill  j    but  with  olive  oil  much  more  ilowly. 

From  this  experiment  I  was  led  to  imagine, 
that  common  air  received  a  great  expanfion  by 
the  effluvium  of  this  vegetable  acid  •,  and  I 
therefore  expeded  that  a  quantity  of  the 
liquid  acid  admitted  to  common  air,  confined 
by  quickfilver,    would  make    it  expand   as 

ether 
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ether  had  done  -,  but  this  was  fo  far  from 
being  the  cafe,  that,  after  fome  time,  the  air 
appeared  to  be  diminifhed,  and  extinguifhed 
a  candle,  fo  that  it  muft  have  got  phlogifton 
from  the  acid. 

I  made  a  fecond  experiment  of  this  kind, 
the  refult  of  which  was,  that  a  quantity  of 
common  air,  which  had  been  expofed  fix  weeks 
to  the  effluvium  of  a  fmall  quantity  of  the 
liquid  vegetable  acid  (contained  in  a  cup, 
which  fwam  upon  the  furface  of  the  water,  by 
which  the  air  was  confined)  was  fo  far  in- 
jured, that  two  meafures  of  it,  and  one  of 
nitrous  air  did  not  occupy  the  fpace  of  quite 
two  meafures  ;  that  is,  it  was  almoil  as  noxi- 
ous as  it  could  be  made  by  any  phlogiftic  pro- 
cefs. 

Sufpedling  that  the  water,  which  was  rather 
foul,  might  have  contributed  to  this  injury,  I 
expofed,  for  the  laft  five  weeks  of  the  time, 
an  equal  quantity  of  common  air,  in  ajar  of 
the  fame  fize,  Handing  in  the  fame  trough  of 
water,  and  in  all  other  refpcfts  in  fimilar  cir- 
cumftances.  But  this  air,  though  a  little  in- 
jured, was  hardly  to  be  diftinguifhed  from 
common  air  ;  fo  that  there  could  be  no  doubt 
^ut  that,  in  the  laft-mcntioned  experiment, 
3  the 
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the  injury  which  the  air  had  received,    came 
from  the  effluvia  of  the  vegetable  acid. 

Vegetable  acid  air  is  abforbed  pretty  readily 
by  olive  oil.  A  quantity  of  this  oil  abforbed 
about  ten  times  its  bulk;  of  this  air  •,  and  from 
being  of  a  yellowilh  colour,  as  this  oil  na-. 
turally  is,  it  became  almoft  colourlefs,  like 
v/ater  j  which  I  thought  not  a  little  remarks 
able  J  as  all  the  other  acid  airs  deepen  the 
colour  of  every  fpecies  of  oil,  making  them 
brown,  and  at  the  fame  time  vifcid,  approach- 
ing to  the  confluence  of  refin ;  whereas  this 
oil,  in  the  experiment  juft  now  mentibned, 
became  rather  lefs  vifcid  than  before,  a  little 
approaching  to  the  limpidity  of  water,  or 
father,  more  refembling  an  elfential  oil, 
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SECTION    III. 

Of  Dephlogisticated  Air,  and  of  the  conjli- 
tution  of  the  Atr/iofphere^ 

The  contents  of  this  fedllon  will  furnifh  a 
very  ftriking  illuftration  of  the  truth  of  a 
remark,  which  I  have  more  than  once  made 
in  my  philofophical  writings,  and  which  can 
hardly  be  too  often  repeated,  as  it  tends  great- 
ly to  encourage  philofophical  inveftigations  ; 
viz.  that  more  is  owing  to  what  we  call  chance^ 
that  is,  philofophically  fpeaking,  to  the  ob- 
fervation  of  eveyits  arifing  from  unknown  caufes^ 
than  to  any  proper  defign,  or  pre-conceived 
theory  in  this  bulinefs.  This  does  not  appear 
in  the  works  of  thofe  who  write  fynthetically 
upon  thefe  fubjeiSls  ;  but  v/ould,  1  doubt  not, 
appear  very  ftrikingly  in  thofe  who  are  the 
mofl  celebrated  for  their  philofophical  acu- 
men, did  they  write  analytically  and  ingenu- 
oufly. 

For  my  own  part,  I  will  frankly  acknow- 
ledge, that,  at  the  commencement  of  the  ex- 
periments recited  ip  this  fedion,  I  v/as  fo  far 
from  having  formed  any  hypothefis  that  led  to 
the  difcoveries  I  made  in  purfuing  them,  that 

thev 
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they  would  have  appeared  very  improbable  to 
me  had  I  been  told  of  them  ;  and  when  the 
decilive  fads  did  at  length  obtrude  themfelves 
upon  my  notice,  it  was  very  Howly,  and  with 
great  hefitation,  that  I  yielded  to  the  evidence 
of  my  fenfes.  And  yet,  when  I  re-confider 
the  matter,  and  compare  my  laft  difcoveries 
relating  to  the  conftitution  of  the  atmofphere 
with  the  firfl,  I  fee  the  clofeft  and  the  eafieft 
connexion  in  the  world  between  them,  fo  as  to 
wonder  that  I  fhould  not  have  been  led  imme- 
diately from  the  one  to  the  other.  That  this 
was  not  the  cafe,  I  attribute  to  the  force  of 
prejudice,  which,  unknown  to  ourfeives, 
biaffes  not  only  owx  judgments^  properly  fo  cal- 
led, but  even  the  perceptions  of  our  fenfes  :  for 
we  may  take  a  maxim  fo  flrongly  for  granted, 
that  the  plaineft  evidence  of  fenfe  will  not  in- 
tirely  change,  and  often  hardly  modify  our 
perfuafions ;  and  the  more  ingenious  a  man  is, 
the  more  effedtually  he  is  entangled  in  his 
errors  ;  his  ingenuity  only  helping  him  to  de- 
ceive himfelf,  by  evading  the  force  of  truth. 

There  are,  I  believe,  very  few  maxims  in 
philofophy  that  have  laid  firmer  hold  upon 
the  mind,  than  that  air,  meaning  atmofpherical 
a:ir  (free  from  various  foreign  matters,  which 
were  always  fuppofed  to  be  diffolved,  and  in- 
termixed with  it)  is  afimple  element ary  fub fiance^ 

indeltruc- 
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indeftru6lible,  and  unalterable,  at  lead  as 
much  fo  as  water  is  fuppofed  to  be.  In  the 
courle  of  my  inquiries,  '  I  was,  however,  foon 
fatisiied  that  atrnofpherical  air  is  not  an  un- 
alterable thing  ;  for  that  the  phlogifbon  with 
which  it  becomes  loaded  from  bodies  burning 
in  it,  and  animals  breathing  it,  and  various 
other  chemical  proceffes,  fo  far  alters  and  de- 
praves it,  as  to  render  it  altogether  unfit  for 
inflammation,  refpiration,  and  other  purpofes 
to  which  it  is  fubfervient ;  and  I  had  difco- 
vered  that  agitation  in  water,  the  procefs  of 
vegetation,  and  probably  other  natural  pro- 
ceffes, by  taking  out  the  fuperfluous  phlo- 
gillon,  reftore  it  to  its  original  purity.  But  I 
own  I  had  no  idea  of  the  poffibility  of  going 
any  farther  in  this  way,  and  thereby  procuring 
air  purer  than  the  bell  common  air.  I  might, 
indeed,  have  naturally  imagined  that  fuch 
would  be  air  that  fnould  contain  lefs  phlogiilon 
than  the  air  of  the  atmofphere  -,  but  I  had  no 
idea  that  fuch  a  compofition  was  poffible. 

It  will  be  feen  in  my  lad  publication,  that, 
from  the  experiments  which  I  made  on  the 
marine  acid  air,  I  was  led  to  conclude,  that 
common  air  confilted  of  fome  acid  (and  I  na- 
turally inclined  to  the  acid  that  1  was  then 
operating  upon)  and  phlogiflon  ;  becaufe  the 
union  of  this  acid  vapour  and  phlogiflon  made 

inflammable 
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inflammable  air ;  and  inflammable  air,  by  agi- 
tation in  water^  ceafes  to  be  inflammable,  and 
becomes  refpirable.  And  though  I  could  never 
make  it  quite  fo  good  as  common  air,  1  thought 
it  very  probable  that  vegetation,  in  more  fa- 
vourable circumftances  than  any  in  which  I 
could  apply  it,  or  fome  other  natural  procefs, 
might  render  it  more  pure. 

Upon  this,  which  no  perfon  can  fay  was  an 
improbable  fuppofition,  was  founded  my  con- 
jefture,  of  volcanos  having  given  birth  to  the 
atmofphere  of  this  planet,  fupplying  it  with  a 
permanent  air,  firft  inflammable,  then  de- 
prived of  its  inflammability  by  agitation  io 
water,  and  farther  purified  by  vegetation. 

Several  of  the  knov^m  phenomena  of  the  ni- 
trous ^7a  J  might  have  led  me  to  think^  that  this 
was  more  proper  for  the  conftitution  of  the 
atmofphere  than  the  marine  acid:  but  my 
thoughts  had  got  into  a  different  train,  and 
nothing  but  a  feries  of  obfervations,  wjiich  I 
fhall  now  difdndtly  relate,  compelled  me  to 
adopt  another  hypothefis^  and  brought  me,  in 
a  way  of  which  I  had  then  no  idea,  to  the 
folution  of  the  great  problem,  which  my  rea^ 
der  will  perceive  I  have  had  in  view  ever  fmce 
my  difcovery  that  the  atmofpherical  air  is 
alterable,  and  therefore  that  it  is  not  an  ele- 
mentary 
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mentary  fubftance,  but  a  compofition  viz. 
what  this  compofition  is,  or  what  is  the  thing 
that  we  breathe^  and  how  is  it  to  be  made  from 
its  conftituent  principles. 

At  the  time  of  my  former  publication,  I 
was  not  pofTefTed  of  a  burning  km  of  any  confi- 
derable  force  \  and  for  want  of  one,  I  could 
not  pofTibly  make  many  of  the  experiments 
that  I  had  proje6led,  and  which,  in  theory, 
appeared  very  promifing.  I  had,  indeed,  a 
mirror  of  force  fufficient  for  my  purpofe.  But 
the  nature  of  this  inftrument  is  fuch,  that  it 
cannot  be  applied,  with  effed,  except  upon 
fubftances  that  are  capable  of  being  fufpended, 
or  refling  on  a  very  (lender  fupport.  It  can- 
not be  direded  at  all  upon  any  fubftance  in 
the  form  of  powder,  nor  hardly  upon  any  thing 
that  requires  to  be  put  into  a  velTel  of  quick- 
filver ;  which  appears  to  me  to  be  the  moft  ac- 
curate method  of  extracting  air  from  a  great 
variety  of  fubftances,  as  was  explained  in  the 
Introdu<Stion  to  this  volume.  But  having  after- 
wards procured  a  lens  of  twelve  inches  diame- 
ter, and  twenty  inches  focal  diftance,  I  pro- 
ceeded with  great  alacrity  to  examine,  by  the 
help  of  it,  what  kind  of  air  a  great  variety 
of  fubftances,  natural  and  fa<5titious,  would 
yield,  putting  them  into  the  veftels  repre- 
fented  fig,  a,  which  I  filled  with  quick- 
D  filver. 
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filver,  aiid  kept  inverted  in  a  bafon  of  the 
fame.  Mr,  Warltire,  a  good  chymift,  and 
lefturer  in  natural  philofophy,  happening  to 
be  at  that  time  in  Calne,  I  explained  my  views 
to  him,  and  was  furnilhed  by  him  with  many 
fubftances,  which  I  could  not  otherwife  have 
procured. 

With  this  apparatus,  after  a  variety  of 
other  experiments,  an  account  of  which  will 
be  found  in  its  proper  place,  on  the  ift  of 
Auguft,  1774,  I  endeavoured  to  extra6l  air 
from  mercurius  calcinatus  per  fs  •,  and  I  prefently 
found  that,  by  means  of  this  lens,  air  was 
expelled  from  it  very  readily.  Having  got 
about  three  or  four  times  as  much  as  tlie  bulk 
of  my  materials,  I  admitted  water  to  it,  and 
found  that  it  was  not  imbibed  by  it.  But 
what  fjrprized  me  more  than  I  can  well  ex- 
prefs,  v/as,  that  a  candle  burned  in  this  air 
v/ith  a  remarkably  vigorous  flame,  very  much 
like  that  enlarged  flame  with  which  a  candle 
burns  in  nitrous  air,  expofed  to  iron  -  or  liver 
of  fulphurj  but  as  I  had  got  nothing  like 
this  remarkable  appearance  from  any  kind  of 
air  befides  this  particular  modification  of  ni- 
trous air,  and  1  knew  no  nitrous  acid  was 
ufed  in  the  preparation  of  mercurius  caki- 
naiusy  I  was  utterly  at  a  lofs  how  to  account 
for  it. 

In 
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In  this  cafe,  alfo,  though  I  did  not  give 
fufficient  attention  to  the  circumflance  ?.t  that 
time,  the  flame  of  the  candle,  befides  being 
larger,  burned  with  more  fplendor  and  heat 
than  in  that  fpecies  of  nitrous  air  ;  and  a  piece 
of  red-hot  wood  fparkled  in  it,  exactly  like 
paper  dipped  in  a  folution  of  nitre,  and  it 
confumed  very  fall;  an  experiment  which  I 
had  never  thought  of  trying  with  nitrous  air. 

At  the  fame  time  that  I  made  the  above- 
mentioned  experiment,  I  extrafted  a  quantity 
of  air,  with  the  very  fame  property,  from  the 
common  red  precipitate^  which  being  produced 
by  a  folution  of  mercury  in  fpirit  of  nitre, 
made  me  conclude  that  this  peculiar  property, 
being  fimilar  to  that  of  the  modification  of 
nitrous  air  above  mentioned,  depended  upon 
fomething  being  communicated  to  it  by  the  ni- 
trous acid  •,  and  fmce  the  mercurius  cakinattis 
is  produced  by  expofmg  mercury  to  a  certain 
degree  of  heat,  where  common  air  has  accefs 
to  it,  I  likewife  concluded  that  this  fubftance 
had  collefted  fomething  of  nitre^  in  that  ftatc 
of  heat, '  from  the  atmofphere. 

This,  however,  appearing  to  me  much  more 
extraordinary  than  it  ought  to  have  done,  I  en- 
tertained fome  fufpicion  that  the  mecurius  cal- 
^inatus,  on  which  I  had  made  my  experiments, 
D  2  leeina; 
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being  bought  at  a  common  apothecary's,  might, 
in  fa6b,  be  nothing  more  than  red  precipitate ; 
though,  had  I  been  any  thing  of  a  praftical 
chymiil,  I  could  not  have  entertained  any  fuch 
fufpicion.  However,  mentioning  this  fufpi- 
cion  to  Mr.  Warltire,  he  furnillied  me  with 
fome  that  he  had  kept  for  a  fpecimen  of  the 
preparation,  and  which,  he  told  me,  he  could 
warrant  to  be  genuine.  This  being  treated 
in  the  fame  manner  as  the  former,  only  by  a 
longer  continuance  of  heat,  I  extraded  much 
more  air  from  it  than  from  the  other. 

This  experiment  might  have  fatisfied  any 
moderate  fceptic  :  but,  however,  being  at  Paris 
in  the  06lober  following,  and  knowing  that 
there  were  feveral  very  eminent  chymifts  in 
that  place,  I  did  not  omit  the  opportunity,  by 
means  of  my  friend  Mr.  Magellan,  to  get  an 
ounce  of  mercurius  calcinatus  prepared  by 
Mr.  Cadet,  of  the  genuinenefs  of  which  there 
could  not  poffibly  be  any  fufpicion ;  and  at 
the  fame  time,  I  frequently  mentioned  my  fur- 
prize  at  the  kind  of  air  which  I  had  got  from 
this  preparation  to  Mr  Lavoifier,  Mr.  le  Roy, 
and  feveral  other  philofophers,  who  honoured 
me  with  their  notice  in  that  city,  and  who,  I 
dare  fay,  cannot  fail  to  recollect  the  circum- 
(lance. 

At 
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At  the  fame  time,  I  had  no  fufpicion  that 
the  air  which  I  had  got  from  the  mercuriu^ 
calcinatus  was  even  wholefome,  fo  far  was  I 
from  knowing  what*"  it  \yas  that  I  had  really- 
found  -,  taking  it  for  granted,  that  it  was  no- 
thing more  than  fuch  kind  of  air  as  I  had 
brought  nitrous  air  to  he  by  the  procelTeq 
above  mentioned  j  and  in  this  air  I  have  ob- 
ferved  that  a  candle  would  burn  fometimes  quite 
naturally,  and  fometimes  with  a  beautiful  en- 
larged flame,  and  yet  remain  perfectly  noxi- 
ous. 

At  the  fame  time  that  I  had  got  the  air 
above  mentioned  from  mercurius  calcinatus 
and  the  red  precipitate,  I  had  got  the  fame 
kind  from  red  lead  or  minium.  In  this  procefs, 
that  part  of  the  miniurp  on  which  the  focus 
of  the  lens  had  fallen,  turned  yellow.  One 
third  of  the  air,  in  this  experiment,  was  rea- 
"dily  abforbed  by  water,  but,  in  the  remainder, 
a  candle  burned  very  fti-9ngly,  and.  with  a  crack- 
ling noife. 

That  fixed  air  is  contained  in  red  lead  I  had 
obferved  before ;  for  I  had  expelled  it  by  the 
heat  of  a  candle,  and  had  found  it  to  be  very 
pure.  See  Vol.  I.  p.  192.  I  imagine  it  re- 
quires more  heat  than  I  then  ufed  to  e:<;pel  ^ny 
9/  the  other  kind  of  air. 

P  3  This 
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•  This  experiment  with  red  lead  confirmed 
me  more  in  my  fufpicion,  that  the  mercurius 
calcinatiis  muft  get  the  property  of  yielding 
this  kind  of  air  from  the  atmorphere,  the  pro- 
cefs  by  which  that  preparation,  and  this  of  red 
lead  is  made,  being  fimilar.  As  I  never  make 
the  leall  fecret  of  any  thing  that  I  obferve,  I 
mentioned  this  experiment  alfo,  as  well  as 
thofe  with  the  mercurius  calcinatus,  and  the 
red  precipitate,  to  all  my  philofophical  ac- 
quaintance at  Paris,  and  elfewhere  \  having  no 
idea,  at  that  time,  to  what  thefe  remarkable 
fa6ts  would  lead. 

Prefently  after  my  mturn  from  abroad,  I 
went  to  work  upon  the  mercurius  calcinatus y 
which  I  had  procured  from  Mr.  Cadet ;  and, 
with  a  very  m.oderate  degree  of  heat,  I  got 
from  about  one  fourth  of  an  ounce  of  it,  an 
ounce-meafure  of  air,  which  I  obferved  to  be 
not  readily  imbibed,  either  by  the  fjbftance 
itfeif  from  which  it  had  been  expelkd  (for 
I  fuffered  them  to  continue  a  long  t.rr.e  toge- 
ther before  I  transferred  the  air  to  any  other 
place)  or  by  water,  in  which  I  fuffered  this 
air  to  ftand  a  confiderable  time  before  I  made 
any  experiment  upon  it. 

In  this  air,   as  I  had  expeded,  a   candle 
burned  with  a  vivid  flame  j  but  what  I  ob- 

'  ferved 
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lerved  new  at  this  time,  (Nov.  19,)  and  which 
furprized  me  no  lefs  than  the  fad  I  had  difco- 
vered  before,  v/as,  that,  whereas  a  few  mo- 
ments agitation  in  water  will  deprive  the  mo- 
dified nitrous  air  of  its  property  of  admitting 
a  candle  to  burn  in  it ;  yet,  after  more  than 
ten  times  as  much  agitation  as  would  be  fuffi- 
cient  to  produce  tliis  alteration  in  the  nitrous- 
air,  no  fenfible  change  was  produced  in  this. 
A  candle  ftili  burned  in  it  with  a  ftrong  flame  ; 
and  it  did  not,  in  the  lead,  diminifh  common 
air,  which  I  have  obferved  that  nitrous  air^ 
in  this  ftate,  in  fome  meafure,  does. 

But  I  was  much  more  furprized,  when» 
after  two  days,  in  which  this  air  had  conti- 
nued in  conta6t  with  water  (by  which  it  was 
diminiflied  about  one  twentieth  of  its  bulk)  I 
agitated  it  violently  in  water  about  five  mi- 
nutes, and  found  that  a  candle  ftill  burned 
in  it  as  well  as  in  common  air.  The  fame  de- 
gree of  agitation  would  have  made  phlogifti- 
cated  nitrous  air  fit  for  refpiration  indeed^ 
but  it  would  certainly  have  extinguiihed  a 
candle. 

Thefe  fafts  fully  convinced  me,  that  there 

muft  be  a  very  material  diff^^rence  between 

the  conftitution  of  the  air  from  mercurius  cal- 

cinatus,   and  that  of  phlogifticated  nitrous  air, 

D  4  notwith- 
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notwithanding  their  refemblance  in  fome  par- 
ticulars. But  though  I  did  not  doubt  that 
the  air  from  mercurius  calcinatus  was  fit 
for  refpiration,  after  being  agitated  in  water, 
as  every  kind  of  air  without  exception,  on 
which  I  had  tried  the  experiment,  had  been, 
I  ftill  did  not  fufpeft  that  it  was  refpirable  in 
the  firft  inftance  \  fo  far  was  I  from  having  any 
idea  of  this  air  being,  what  it  really  was,  much 
fuperior,  in  this  refped,  to  the  air  of  the  at- 
mofphere. 

In  this  ignorance  of  the  real  nature  of  this 
kind  of  air,  I  continued  from  thistime  (Novem- 
ber) to  the  I  ft  of  March  following  j  having, 
in  the  mean  time,  been  intent  upon  my  expe- 
riments on  the  vitriolic  acid  air  above  recited, 
and  the  various  modifications  of  air  produced 
by  fpirit  of  nitre,  an  account  of  which  will  fol- 
low. But  in  the  courfe  of  this  month,  I  not 
only  afcertained  the  nature  of  this  kind  of  air, 
though  very  gradually,  but  was  led  by  it  to 
the  complete  difcovery  of  the  conftitution  of 
the  air  we  breathe. 

Till  this  ift  of  March,  1775,  I  hadfo  little 
fufpicion  of  the  air  from  mercurius  calcina- 
tus, &c.  being  wholefome,  that  I  had  not  even 
thought  of  applying  to  it  the  teft  of  nitrous 
air;  but  thinking  (as  my  reader  muft  ima- 
gine 
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gine  I  frequently  mufl  have  done)  on  the 
candle  burning  in  it  after  long  agitation 
in  water,  it  occurred  to  me  at  laft  to  make 
the  experiment  J  and  putting  one  meafure 
of  nitrous  air  to  two  meafures  of  this  air, 
I  found,  not  only  that  it  was  diminifhed,  but 
that  it  was  diminifhed  quite  as  much  as  com- 
mon air,  and  that  the  redrefs  of  the  mixture 
was  likewife  equal  to  that  of  a  fimilar  mixture 
of  nitrous  and  common  air. 

After  this  I  had  no  doubt  but  that  the  air 
from  mercurius  calcinatus  was  fit  for  refpira- 
tion,  and  that  it  had  all  the  other  properties  of 
genuine  common  air.  But  I  did  not  take 
notice  of  what  I  might  have  obferved,  if  I  had 
not  been  fo  fully  pofTefTed  by  the  notion  of 
there  being  no  air  better  than  common  air, 
that  the  rednefs  was  really  deeper,  and  the  di- 
minution fomething  greater  than  common  air 
would  have  admitted. 

Moreover,  this  advance  in  the  way  of  truth, 
in  reality,  threw  me  back  into  error,  making 
me  give  up  the  hypothefis  I  had  firll  formed, 
viz.  that  the  mercurius  calcinatus  had  extracted 
fpirit  of  nitre  from  the  air  -,  for  I  now  con- 
cluded, that  all  the  conftituent  parts  of  the  air 
were  equally,  and  in  their  proper  proportion, 
imbibed  in  the  preparation  of  this  fubftance, 

and 
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and  alfo  In  the  procefs  of  making  red  lead. 
For  at  the  fame  time  that  I  made  the  above- 
mentioned  experiment  on  the  air  from  mercu- 
rius  calcinatus,  I  likewife  obferved  that  the  air 
which  I  had  extraded  from  red  lead,  after  the 
fixed  air  was  wafhed  out  of  it,  was  of  the  fame 
nature,  being  diminifhed  by  nitrous  air  like 
common  air :  but,  at  the  fame  time,  I  was 
puzzled  to  find  that  air  from  the  red  precipi- 
tate was  diminifhed  in  the  fame  manner, 
though  the  procefs  for  making  this  fubllance 
is  quite  different  from  that  of  making  the  two 
others.  But  to  this  circumllance  I  happened 
not  to  give  much  attention, 

I  wifh  my  reader  be  not  quite  tired  with  the 
frequent  repetition  of  the  word  furprize,  and 
others  of  fimilar  import ;  but  I  mud  go  on  in 
that  ilyle  a  little  longer.  For  the  next  day  I 
was  more  furprized  than  ever  I  had  been  be- 
fore, with  finding  that,  after  the  above- 
mentioned  mixture  of  nitrous  air  and  the  air 
from  mercurius  calcinatus,  had  flood  all  night, 
(in  which  time  the  whole  diminution  muft 
have  taken  place  ;  and,  confequently,  had  it 
been  common  air,  it  muft  have  been  made 
perfeftly  noxious,  and  intirely  unfit  for  refpi- 
ration  or  inflammation)  a  candle  burned  in  it, 
and  even  better  than  in  common  air. 

I  cannot^ 
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I  cannot,  at  this  diftance  of  time,  recollect 
what  it  was  that  I  had  in  view  in  making  this 
experiment  •,  but  I  know  I  had  no  expeftation 
of  the  real  iiTue  of  it.  Having  acquired  a 
confiderable  degree  of  readinefs  in  makinp-  ex- 
periments  of  this  kind,  a  very  flight  and  eva- 
nefcerit  motive  would  be  fufficient  to  induce 
m.e  to  do  it.  If,  however,  I  had  not  hap- 
pened, for  fome  other  purpofe,  to  have  had  a 
lighted  candle  before  me,  I  fliould  probably 
never  have  made  the  trial ;  and  the  whole 
train  of  my  future  experiments  relating  to  this 
kind  of  air  might  have  been  preventedi 

Still,  however,  having  no  conception  of  the 
real  caufe  of  this  phenomenon,  I  confidered 
it  as  fomething  very  extraordinary ;  but  as  a 
property  that  was  peculiar  to  air  extracted 
from  thefe  fubfcancees,  and  adventitious-,  and 
I  always  fpoke  of  the  air  to  my  acquaintance 
as  being  fubftantially  the  fame  thing  with 
common  air.  I  particularly  remember  my  tell- 
ing Dr.  Price,  that  I  was  myfelf  perfectly  fa- 
tisfied  of  its  being  common  air,  as  it  appeared 
to  be  fo  by  the  tefl  of  nitrous  au- ;  though, 
for  the  fatisfaction  of  others,  I  wanted  a  mouf« 
to  make  the  proof  quite  complete. 

Cn  the   8th   of  this  month  I  procured  a 

pioufe,   and  put  it  into  a  glafs  velTel,  contain- 

2  ins 
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ing  two  ounce-meafiires  of  the  air  from  mer- 
curius  calcinatus.  Had  it  been  common  air,  a 
full-grown  moLife,  as  this  was,  would  have 
lived  in  it  about  a  quarter  of  an  hour.  In 
this  air,  however,  my  moufe  lived  a  full  half 
hour  ;  and  though  it  was  taken  out  feemingly 
dead,  it  appeared  to  have  been  only  exceed- 
ly  chilled ;  for,  upon  being  held  to  the  fire, 
it  prefently  revived,  and  appeared  not  to  hav^. 
i;"eceived  any  harm  from  the  experiment, 

By  this  I  was  confirmed  in  my  conclufion, 
that  the  air  extrad:ed  from  mercurius  calcina- 
tus, &c.  was,  at  leafi,  as  good  as  common 
air ;  but  I  did  not  certainly  conclude  that  it 
was  any  better  \  becaufe,  though  one  moufe 
would  live  only  a  quarter  of  an  hour  in  a  given 
quantity  of  air,  I  knew  it  was  not  impoffible 
but  that  another  moufe  might  ha,ve  lived  in  it 
half  an  hour  ;  ^o  little  accuracy  is  there  in 
this  method  of  afcertaining  the  goodnefs  of 
air :  and  indeed  I  have  never  had  recourfe  to, 
it  for  my  pwn  fatisfadion,  fince  the  dlfcovery 
of  that  moft  ready,  accurate,  and  elegant  tell 
that  nitrous  air  furnilhes.  But  in  this  cafe  I 
had  a  view  to  publifhing  the  mofl  gene'rally- 
fatisfadtory  account  of  my  experiments  that 
the  nature  of  the  thing  would  admit  of. 

This 
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Tills  experiment  with  the  moufe,  when  I 
]iad  refleded  upon  it  fome  time,  gave  ~me  fo 
much  fufpicion  that  the  air  into  which  I  had 
put  it  was  better  than  common  air,  that  I  was 
induced,  the  day  after,  to  apply  the  teft  of 
nitrous  air  to  a  fmall  part  of  that  very  quan- 
tity of  air  which  the  moufe  had  breathed  fo 
long  ♦,  fo  that,  had  it  been  common  air,  I  was 
fatisfied  it  muft  have  been  very  nearly,  if  not 
altogether,  as  noxious  as  poflible,  fo  as  not  to 
be  affedted  by  nitrous  air ;  when,  to  my  fur- 
prize  again,  I  found  that  though  it  had  been 
breathed  fo  long,  it  was  flill  better  than  com- 
mon air.  For  after  mixing  it  with  nitrous 
air,  in  the  ufual  proportion  of  two  to  one,  it  ^ 
was  diminilhed  in  the  proportion  of  44-  to  34 ; 
that  is,  the  nitrous  air  had  made  it  two  ninths 
lefs  than  before,  and  this  in  a  very  fhort  fpace 
of  time ;  whereas  I  had  never  found  that,  in 
the  longeft  time,  any  common  air  was  reduced 
more  than  one  fifth  of  its  bulk  by  any  propor- 
tion of  nitrous  air,  nor  more  than  one  fourth  by 
any  phlogiftic  procefs  whatever.  Thinking  of 
this  extraordinary  fa6t  upon  my  pillow,  the 
next  morning  I  put  another  meafure  of  ni- 
trous air  to  the  fame  mixture,  and,  to  my 
utter  aftonifliment,  found  that  it  was  farther 
diminifhed  to  almoft  one  half  of  its  original 
quantity.  I  then  put  a  third  meafure  to  it ; 
but  this  did  not  diminifh  it  any  farther  :  but, 
I  however. 
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liowever,  left  it  one  meafure  lefs  than  it  -vvas 
even  after  the  moufe  had  been  taken  out  of  it. 

Being  now  fully  fatisfied  that  this  air,  even 
after  the  moufe  had  breathed  it  half  an  hour, 
was  much  better  than  common  air  ;  and  hav- 
ing a  quantity  of  it  ftill  left,  fufficient  for  the 
experiment,  viz.  an  ounce-meafure  and  a  half, 
I  put  the  moufe  into  it ;  when  I  obferved  that 
it  feemed  to  feel  no  Ihock  upon  being  put  into 
it,  evident  figns  of  which  would  have  been 
vifible,  if  the  air  had  not  been  very  whole- 
fome ;  but  that  it  remained  perfectly  at  its 
eafe  another  full  half  hour,  when  I  took  it  out 
quite  lively  and  vigorous.  Meafuring  the.  air 
the  next  day,  I  found  it  to  be  reduced  from 
1 1^  to  ^  of  an  ounce-meafure.  And  after  this, 
if  I  remember  well  (for  in  my  regijler  of  the 
day  I  only  find  it  noted,  that  it  was  confider- 
ehly  diminijhed  by  nitrous  air)  it  was  nearly  as 
good  as  common  air.  It  was  evident,  indeed, 
from  the  moufe  having  been  taken  out  quite 
vigorous,  that  the  air  could  not  have  been 
rendered  very  noxious. 

For  my  farther  fatisfa6lion  I  procured  an- 
other moufe,  and  putting  it  into  iefs  than  two 
ounce-meafures  of  air  extraded  from  mercu- 
rius  calcinatus  and  air  from  red  precipitate 
(which,  having  found  them  to  be  of  the  fame 

quality, 
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quality,  I  had  mixed  together)  it  lived  three 
quarters  of  an  hour.  But  not  having  had 
the  precaution  to  fet  the  vefTel  in  a  warm 
place,  I  fufpedl  that  the  moufe  died  of  cold. 
However,  as  it  had  lived  three  times  as  long 
as  it  could  probably  have  lived  in  the  fame 
quantity  of  common  air,  and  1  did  not  expe6t 
much  accuracy  from  this  kind  of  teft,  I  did 
not  think  it  neceffary  to  make  any  more  expe- 
riments with  mice. 

Being  now  fully  fatlsfied  of  the  fuperior 
goodnefs  of  this  kind  of  air,  I  proceeded  to 
itieafure  that  degree  of  purity,  with  as  much 
accuracy  as  I  could,  by  the  teft  of  nitrous 
air ;  and  I  began  with  putting  one  meafure  of 
nitrous  air  to  two  meafures  of  this  air,  as  if  I 
had  been  examining  common  air  •,  and  now  I 
obferved  that  the  diminution  was  evidently 
greater  than  common  air  would  have  fuffered 
by  the  fame  treatment.  A  fecond  meafure  of 
nitrous  air  reduced  it  to  two  thirds  of  its  ori- 
ginal quantity,  and  a  third  meafure  to  one 
half.  Sufpefting  that  the  diminution  could 
not  proceed  much  farther,  I  then  added  only 
half  a  meafure  of  nitrous  air,  by  which  it  v/as 
diminillied  fcill  more  ;  but  not  much,  and  an- 
other half  meafure  made  it  more  than  half  of 
its  original  quantity  -,  fo  that,  in  this  cafe,  two 
meafures  of  this  air  took  more  than  two  mea- 
fures 
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fures  of  nitrous  air,  and  yet  remained  lefs 
than  half  of  what  it  was.  Five  meafures 
brought  it  pretty  exadly  to  its  original  di- 
menfions* 

At  the  fame  time,  air  from  the  red  precipi- 
tate was  diminifhed  in  the  fame  proportion  as 
that  from  mercurius  calcinatus,  five  meafures 
of  nitrous  air  being  received  by  two  meafures 
of  this  without  any  increafe  of  dimenfions. 
Now  as  common  air  takes  about  one  half  of 
its  bulk  of  nitrous  air,  before  it  begins  to 
receive  any  addition  to  its  dimenfions  from 
more  nitrous  air,  and  this  air  took  more  than 
four  half-meafures  before  it  ceafed  to  be  di- 
miniflied  by  more  nitrous  air,  and  even  five 
half-meafures  made  no  addition  to  its  original 
dimenfions,  I  conclude  that  it  was  between  four 
and  five  times  as  good  as  common  air.  It  will 
be  feen  that  I  have  fince  procured  air  better 
than  this,  even  between  five  and  fix  times  as 
good  as  the  beft  common  air  that  I  have  ever 
met  with. 

Being  now  fully  fatisfied  with  refpeft  to  the 
nature  of  this  new  fpecies  of  air,  viz.  that,  be- 
ing capable  of  taking  more  phlogifton  from 
nitrous  air,  it  therefore  originally  contains  lefs 
of  this  principle ;  my  next  inquiry  was,  by 
what  means  it  comes  to  be  fo  pure,   or  philo- 

fophically 
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fophlcally  fpeaking,  to  be  fo  much  dephlo- 
gifiicated ;  and  fince  the  red  lead  yields  the 
fame  kind  of  air  with  mercurius  calcinatus, 
though  mixed  with  common  air,  and  is  a  much 
cheaper  material,  I  proceeded  to  examine  all 
the  preparations  of  lead,  made  by  heat  in  the 
open  air,  to  fee  what  kind  of  air  they  would 
yield,  beginning  with  the  grey  calx^  and  end- 
ing with  litharge. 

The  red  lead  which  I  \ifed  for  this  purpofe 
yielded  a  coniiderable  quantity  of  dephlogifti- 
cated  air,  and  very  little  fixed  air  •,  but  to 
what  circumftance  in  the  preparation  of  this 
lead,  or  in  the  keeping  of  it,  this  difference 
is  owing,  I  cannot  tell.  I  have  frequently 
found  a  very  remarkable  difference  between 
different  fpecimens  of  red  lead  in  this  refpedl, 
as;  well  as  in  the  purity  of  the  air  which  they 
contain.  This  difference,  however,  may  arife 
in  a  great  meafure,  from  the  care  that  is  taken 
to  extract  the  fixed  air  from  it.  In  this  expe- 
riment two  meafurcs  of  nitrous  air  being  put 
to  one  meafure  of  this  air,  reduced  it  to  one 
third  of  what  it  was  at  firfl,  and  nearly  three 
times  its  bulk  of  nitrous  air  made  very  little 
addition  to  its  original  dimenfions  ;  fo  that 
this  air  was  exceedingly  pure,  and  better  than 
any  that  I  had  procured  before. 

E  The 
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The  preparation  called  mafficot  (which  Is 
faid  to  be  a  fbate  between  the  grey  calx  and 
the  red  lead)  alfo  yielded  a  confiderable  quan-  . 
tity  of  air,  of  which  about  one  half  was  fixed 
air,  and  the  remainder  was  fuch,  that  when 
an  equal  quantity  of  nitrous  air  was  put  to 
it,  it  was  fomething  lefs  than  at  firft  ;  fo  that 
this  air  was  about  twice  as  pure  as  common 
air. 

I  thought  it  fomething  remarkable,  that 
in  the  preparations  of  lead  by  heat,  thofe  be- 
fore and  after  thefe  two,  viz.  the  red  lead  and 
mafficot,  yielded  |only  fixed  air.  I  would  alfo 
obferve,  by  the  way,  that  a  very  fmall  quan- 
tity of  air  was  extrafted  from  lead  ore  by  the 
burning  lens.  The  bulk  of  it  was  eafily  ab- 
forbed  by  water.  The  remainder  was  not  af- 
fefted  by  nitrous  air,  and  it  extinguifhed  a 
candle. 

I  got  a  very  little  air  by  the  fame  procefs 
from  the  grey  calx  of  lead,  of  precifely  the  fame 
quality  with  the  former.  That  part  of  it 
which  was  not  afi'eded  by  nitrous  air  extin- 
guifhed a  candle,  fo  that  both  of  them  may 
be  faid  to  have  yielded  fixed  air,  only  with  a 
larger  portion  than  ufual,  of  that  part  of  it 
which  does  not  unite  with  water. 

Litharge 
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Litharge  (which  is  a  ftate  that  fucceeds  the 
red  lead)  yielded  air  pretty  readily  -,  but  this 
alfo  was  fixed  air.  That  which  was  not  ab- 
forbed  by  water,  was  not  afFeded  by  nitrous 
air. 

Much  more  than  I  had  any  opportunity  of 
doing  remains  to  be  done,    in  order  to  afccr- 
tain  upon  what  circumftances,  in  thefe  prepa- 
lations  of  lead,  the  quality  of  the  air  which  they 
contain,    depends.      It  can  only  be  done   by 
fome  perfon  who  fliall  carefully  attend  to  the 
procelTes,   fo  as  to  fee  himfelf  in  what  manner 
they  are  made,  and  examine  them  in  all  their 
difierent  ftates.     I  very  much  wifhed  to  have 
attempted  fomething  of  this  kind  myfelf,   but 
I  found  it  impolTible  in  my  fituation.     How- 
ever, I  got  Dr.  Higgins  (who  furniflied  me 
with  feveral    preparations   that   I   could    not 
eafily  have  procured  elfewhere)  to  make  me  a 
quantity  of  red  lead,   that  I  might,    at  lead, 
try  it  when  frejl:)  made^   and   after   keeping  it 
fome  time  in   different    circumftances ;    and 
though,  by  the  help  of  this  preparation,   I  did 
not  do  the  thing  that  I  expe(5led,    I  did  fome- 
thing elfe,  much  more  confiderable. 

This  frefli  made  red  lead  had  a  yellowifli 
caft,   and  had  in  it  feveral  pieces  intirely  yel- 
low.    I  tried  it  immediately,  in  the  fame  man- 
E  2  .  ner 
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ner  in  which  I  had  made  the  preceding  expe- 
riments, viz.  with  the  burning  lens  in  quick- 
filver,  and  found  that  it  yielded  very  little 
air,  and  with  great  difficulty ;  requiring  the 
application  of  a  very  intenfe  heat.  With  an 
equal  quantity  of  nitrous  air,  a  part  of  this 
air  was  reduced  to  one  half  of  its  original 
bulk,  and  2^  meafures  faturated  it.  The  air> 
therefore,  was  very  pure,  and  the  quantity 
that  it  yielded  being  very  fmall,  it  proved  to- 
be  in  a  very  favourable  Hate  for  afcertaining 
on  what  circumftances  its  acquiring  this  air 
depended. 

My  objed  no\v;  was  to  bring  this  frelh  made 
red  lead,  which  yielded  very  little  air,  to  that 
{late  in  which  other  red  lead  had  yielded  a  con- 
fiderable  quantity  •,  and  taking  it,  in  a  manner, 
for  granted,  in  confequence  of  the  reaibning  in- 
timated above,  that  red  lead  muft  imbibe 
from  the  atmofphere  fome  kind  of  acid,  in 
order  to  acquire  that  property,  I  took  three, 
feparate  half-ounces  of  this  fre{h  made  red 
lead,  and  moiftened  them  till  they  made  a 
kind  of  pafte,  with  each  of  the  three  mineral 
acids,  viz.  the  vitriolic,  the  marine,  and  the 
nitrous ;  and  as  I  intended  to  make  the  expe- 
riments in  a  gun-baiTel,  left  the  iron  Ihould 
be  too  much  affeded  by  them,  I  dried  all  thefe 
mixtures,  till  they  were  perfectly  hard  •,  then 
I  pulverizing 
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pulverizing  them,  I  put  them  feparately  into 
my  gun-barrel,  filled  up  to  the  mouth  with 
pounded  flint,  which  I  had  found  by  trial  to 
yield  little,  or  no  air  when  treated  in  this  man- 
ner. I  had  alfo  found  that  no  quantity  of  air, 
fufEcient  to  make  an  experiment,  could  be  pro- 
cured from  an  equal  quantity  of  this  red  lead 
by  this  procefs. 

Thofe  portions  of  the  red  lead  which  had 
been  moiflened  with  the  vitriolic  and  marine 
acids  became  white  \  but  that  which  had  been 
moiftened  with  the  nitrous  acid,  had  acquired 
a  deep  brown  colour.  The  mixtures  with  the 
nitrous  and  marine  acids  dried  pretty  readily, 
but  that  with  the  vitriolic  acid  was  never 
perfectly  dry  ;  but  a  great  part  of  it  remained 
in  th^  form  of  a  foftilh  pafte. 

Neither  the  vitriolic  nor  the  marine  acid 
mixtures  gave  the  leaft  air  when  treated  in  the 
manner  above  mentioned  j  but  the  moment 
that  the  compofition  into  which  the  nitrous 
acid  had  entered  became  warm,  air  began  to 
be  produced  j  and  I  received  the  produce  in 
quickfilver.  About  one  ounce-meafure  was 
quite  tranfparent,  but  prefently  after  it  be- 
came exceedingly  red ;  and  being  fatisfied  that 
this  rednefs  was  owing  to  the  nitrous  acid  va** 
pour  having  diflblved  the  quickfilver,  I  took 
E  3  no 
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no  more  tluin  two  ounce-mcafures  in  this  way,' 
but  received  all  the  remainder,  which  was  al- 
moft  two  pints,  in  water.  Far  the  greateft 
part  of  this  was  fixed  air,  beiog  readily  ab- 
Ibrbcd  by  water,  and  extinguifhing  a  candle. 
There  was,  however,  a  confiderable  refidiium, 
in  which  the  flame  of  a  candle  burned  with  a 
crackling  noife,  from  which  I  concluded  that 
it  was  true  dephlogiflicated  air. 

In  this  experiment  I  had  moiftened  the  red 
lead  with  fpirit  of  nitre  feveral  times,  and  had 
tlried  it  again.  When  1  repeated  the  experiment, 
I  moifcencd  it  only  once  with  the  fame  acid, 
when  1  got  from  it  not  quite  a  pint  'of  air ; 
but  it  was  almoft  all  of  the  dephlogiflicated 
kind,  about  five  times  as  pure  as  common  air. 
N.  B.  All  the  acids  made  a  violent  effervef- 
ccnce  with  the  red  lead. 

Though  there  was  a  difference  in  the  refult 
of  thefe  experiments,  which  I  fhall  confider 
hereafter,  I  was  now  convinced  that  it  was  the 
nitrous  acid  wjiich  the  red  lead  had  acquired 
from  tlie  air,  and  which  had  enabled  it  to  yield 
the  dcphlogifticatcd  air,  agreeable  to  my  ori- 
ginal conjefture.  Finding  ajfo,  as  will  be  feen 
in  tlie  following  f^^tion,  that  the  fame  kind 
of  air  is  produced  by  moiflcning  witli  the  fpi- 
rit of  jiitre  any  kind  of  earth  that  is  free  from 
4  phlogillon, 
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phlogiflon,  and  treating  it  as  I  hc^d  done  the 
red  lead  in  the  laft-mentioned  experiment, 
there  remained  no  doubt  in  my  mind,  but  that 
atmofpherical  air,  or  the  thing  that  we  breathe, 
confifts  of  the  nitrous  acid  and  earthy  with  fo 
much  phlogiflon  as  is  neceflary  to  its  eladicity  •, 
and  likewife  fo  much  more  as  is  required  to 
bring  it  from  its  ftate  of  perfedl  purity  to  the 
mean  condition  in  which  we  find  it. 

For  this  purpofe  I  tried,  with  fuccefs,/<?w^rj 
of  zinc,  chalk,  quick-lime,  flacked-lime,  tobacco- 
pipe  clay,  flint  and  Mitfcovy  talck,  with  other  fimi- 
lar  fubflances,  which  will  be  found  to  com- 
prize all  the  kinds  of  earth  that  are  effentially 
diftindl  from  each  other,  according  to  their 
chymical  properties.  A  particular  account  of 
the  proccffes  with  thefe  fubflances,  I  rcferve 
for  another  feftion-,  thinking  it  fuflicient  in 
this  to  give  a  liiflory  of  the  difcovery,  and  a 
general  account  of  the  nature  of  this  dephlo- 
giflicated  air,  with  this  general  inference  from 
the  experiment,  refpefting  the  confiitution  of 
the  atmofphere. 

I  was  the  more  confirmed  in  my  idea  of  fpi- 
rit  of  nitre  and  earth  conflituting  refpirable 
air,  by  finding,  that  when  any  of  thele  mat- 
ters, on  which  I  had  tried  the  experiment,  had 
been  treated  in  the  manner  above  mentioned, 
E  4  and 
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and  they  had  thereby  yielded  all  the  air  that 
could  be  extraded  from  them  by  this  procefs  -, 
yet  v/hen  they  had  been  moiftened  with  frefh 
fpirit  of  nitre,  and  were  treated  in  the  fame 
manner  as  before,  they  would  yield  as  much 
dephlogifticated  air  as  at  the  firft.  This  may 
be  repeated  till  all  the  earthy  matter  be  ex- 
haufted.  It  will  be  fufficiejit  to  recite  one  or 
two  fadls  of  this  kind  from  iny  regifter. 

April  1 8,  I  took  the  remains  of  the  frelli 
made  red  lead,  out  of  which  a  great  quantity 
of  dephlogifticated  air  had  been  extradled, 
?.nd  moiftening  about  three  quarters  of  an 
ounce  of  it  a  fecond  time  with  Ij^irit  of  nitre, 
I  got  from  it  about  two  pints  of  air,  ail  of 
which  was  nearly  fix  times  as  pure  as  com- 
mon air.  This  air  was  generated  very  faft, 
and  the  glafs  tube  through  which  it  was  tranf- 
mitted  was  filled  with  red  fumes ;  the  nitrous 
acid,  I  fuppofe,  prevailing  in  the  compofition 
of  the  air,  but  being  abforbed  by  the  wa^er 
in  which  it  was  afterwards  received. 

In  this,  and  many  other  procefTes,  my  reader 
will  find  a  great  variety  [n  the  purity  of  the 
air  procured  from  the  fame  fubftances.  But 
this  will  not  be  wondered  at,  if  it  be  confidered 
that  a  fmail  quantity  of  phlogiftic  matter,  ac- 
cidentally mixing  with  the  ingredients  for  the 

compofition 
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compofition  of  this  air,  depraves  it.  It  will 
alfo  be  unavoidably  depraved,  in  fome  mea- 
fure,  if  the  experiment  be  made  in  a  gun-barrel, 
which  I  commonly  made  ufe  of,  when,  as  was 
generally  the  cafe,  it  was  luffif  iently  exadl  for 
my  purpofe,  on  account  of  its  being  the  eafieft, 
3m^  in  many  refpeds,  the  moil  commodious 
prog^fs. 

The  reafon  of  this  is,  that  if  the  produce 
of  air  be  not  very  rapid,  there  will  be  time  for 
the  phloglfton  to  be  difengaged  from  the  iron  it- 
felf,  and  to  mix  with  the  air.  Accordingly  I 
have  feldom  failed  to  find,  that  when  I  endea- 
voured to  get  all  the  air  I  polTibly  could  from 
any  quantity  of  materials,  and  received  the 
produce  at  different  times  (as  for  miy  fatis- 
fadtion  I  generally  did)  the  laft  was  inferior 
in  purity  to  that  which  came  firfc.  Not  un- 
frequently  it  was  phlogifticated  air  ;  that  is, 
air  fo  charged  with  phlogiiton,  as  to  be  per- 
fecSlly  jioxious  ;  and  fometimes,  as  the  reader 
will  find  in  the  next  fedlion,  it  was  even  ni- 
trous air. 

On  the  fame  acx:ount  it  frequently  happen^d^ 
that  when  I  ufed  a  confidcrable  degree  of  heat, 
the  red  lead  whicli  I  ufed  in  thefe  experi- 
ments would  be  changed  into  real  lead,  from. 

which 
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which  it  was  often  very  difficult  to  get  the 
gun-barrel  perfedlly  clear. 

A  good  deal  will  alfo  depend  upon  the  in- 
gredients which  have  been  ufed  in  the  gun- 
barrel  in  preceding  experiments :  for  it  is  not 
eafy  to  get  fuch  an  inftrument  perfedily  clean 
from  all  the  matters  that  have  been  put  into 
it :  and  though  it  may  be  prefumed,  in  gene- 
ral, that  every  kind  of  air  will  be  expelled 
from  fuch  ingredients  by  making  the  tube  red- 
hot  i  yet  matters  containing  much  phlogifton, 
as  charcoal,  &c.  will  not  part  with  it  in  con- 
fequence  of  the  application  of  heat,  unlefs 
there  be  at  hand  fome  other  fubftance  with 
which  it  may  combine.  Though,  therefore, 
a  gun-barrel,  containing  fuch  fmall  pieces  of 
charcoal  as  cannot  be  eafily  wiped  out  of  it, 
be  kept  a  long  time  in  a  red  heat,  and  even 
with  its  mouth  open  •,  yet  if  it  be  of  a  confi- 
derable  length,  fom.e  part  of  the  charcoal  may 
remain  unconfumed,  and  the  effe6l  of  it  will 
be  found  in  the  fubfequent  experiment.  Of 
this  I  had  the  following  very^fatisfaclory 
proof. 

Being  defirous  to  Hiew  fome  of  my  friends 
the  a6luai  produftion  of  dephlogifcicated  air, 
and  having  no  other  apparatus  at  hand,  I  had 
recourfe  to  my  gun-barrel ;  but  apprized  them, 
that   having  ufcd  it  the  day  before  to  get  air 

from 


md  the  ConftituUon  of  the  Atmofphere,     59 

from  charcoal,  with  which  it  had  been  filled 
for  that  purpofe,  though  I  had  taken  all  the 
pains  I  could  to  get  it  all  out,  yet  fo  much 
would  probably  remain,  that  I  could  not  de- 
pend on  the  air  I  Ihould  get  from  it  being 
dcphlogifticated ;  but  that  it  would  probably 
be  of  an  inferior  quality,  and  perhaps  even 
nitrous  air.  Accordingly,  having  put  into  it 
a  mixture  of  fpirit  of  nitre  and  red  lead  (be- 
ing part  of  a  quantity  which  I  had  often  ufed 
before  for  the  fame  purpofe)  dried,  and 
pounded,  I  put  it  into  the  fire,  and  received 
the  air  in  water. 

The  firft  produce,  which  v/as  about  a  pint, 
was  fo  far  nitrous,  that  two  meafures  of  com- 
mon air,  and  one  of  this,  occupied  the  fpace 
of  little  more  than  two  meafures ;  that  is,  it 
was  almoll  as  ftrongly  nitrous  as  that  which 
is  produced  by  the  folution  of  metals  in  fpi- 
rit of  nitre.  The  fecond  pint  was  very  little 
different  from  common  air,  and  the  laft  pro- 
duce was  better  flill,  being  more  than  twice 
as  good  as  common  air.  If,  therefore,  any 
perfon  fhall  propofe  to  make  dephlogiflicated 
air,  in  large  quantities,  he  fhould  have  an 
apparatus  appropriated  to  that  purpofe;  and 
the-greateft  care  fhould  be  taken  to  keep  the 
inftruments  as  clear  as  pofTible  from  all  phlo- 
giftic  matter,  which  is  the  very  bane  of  pu- 
rity 
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thy   with  relpeft  to  air,  they  being  cxadly 
][>Ius  and  minus  to  each  other. 

The  hypothecs  maintained  in  this  fecbion, 
viz.  that  atmofpherical  air  confifts  of  the  ni- 
trons acid  and  earth,  fuits  exceedingly  well 
with  the  fads  relating  to  the  prodii6lion  of 
nitre ;  for  it  is  never  generated  but  in  the  open 
air,  and  by  expofing  to  it  fuch  kinds  of  earth 
as  are  known  to  have  an  affinity  with  the  ni-^ 
trous  acid;  fo  that  by  their  union  common 
jiitre  may  be  formed. 

Hitherto  it  has  been  fuppofed  by  chymifls, 
that  this  nitrous  acid,  by  which  common  nitre 
is  formed,  exifls  in  the  atmofphere  as  an  extra- 
neous fubfiance^  like  water,  and  a  variety  of 
other  fubflances,  which  float  in  it,  in  the  form 
of  effluvia ;  but  fince  there  is  no  place  in  which 
nitre  may  not  be  made,  it  may,  I  think,  with 
more  probability  be  fuppofed,  according  to 
my  hypothefis,  that  nitre  is  formed  by  a  real 
decompojition  of  the  air  itfelf^  the  hafe.s  that  are 
prefented  to  it  having,  in  fuch  circumftances, 
a  nearer  affinity  with  the  fpirit  of  nitre  than 
that  kind  of  earth  with  which  it  is  united  in 
the  atmofpliere. 

My  theory  alfo  fupplies  an  eafy  folution  of 
what  has  always  been  a  great  difficulty  with 
Qhymifts,    with   refped   to    the  detonatioji   of 

nitre. 
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nitre.  The  queftion  Is,  what  becomes  of  the 
nitrous  acid  in  this  cafe  ?  The  general,  J  be- 
lieve the  univerfai,  opinion  now  is,  that  it  is 
dejiroyed ;  that  is,  that  the  acid  is  properly  de- 
compofed,  and  refolved  into  its  original  ele- 
ments, which  Stahl  fuppofed  to  be  earth  and 
water.  On  the  other  hand,  I  fiippofe  that, 
though  the  common  properties  of  the  acid,  as 
combined  with  v/ater,  difappear,  it  is  only  in 
confequence  of  its  combination  with  fomc 
earthy  or  inflammable  matter,  with  which  it 
forms  fome  of  the  many  fpecies  of  air,  into  the 
compofition  of  which  this  wonderful  acid  en- 
ters. It  m.ay  be  common  air,  it  may  be  de- 
phlogifticated  air,  or  it  may  be  nitrous  air,  or 
fome  of  the  other  kinds,  of  which  an  account 
will  be  given  in  a  fubfequent  fedtion.  That  it 
Ihould  really  be  the  nitrous  acid,  though  fo 
much  difguifed  by  its  union  with  earthy,  or 
other  matters,  will  not  appear  extraordinary 
to  any  perfon  who  fhall  confider  how  little  the 
acid  of  Vitriol  is  apparent  in  common  fui- 
phur. 

-  With  refpeft  to  mercurius  cakinatus,  and 
red  leady  their  red  colour  favours  the  fup- 
pofition  of  their  having  extraded  fpirit  of  nitre 
from  the  air. 


An 
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SECTION     IV. 

A  more  particular  Account  of  fomc  Proceffes  for 
the  Production  of  Dephlogijiicated  Air, 

I  cannot  promife  thofe  of  my  .reader^,  whofe 
objedt  is  nothing  more  than  general  informationy 
much  pleafiire  from  the  perufai  of  this  fedlion, 
as  it  will  confift,  for  the  mod  part,  of  a  dry- 
detail  of  proceiTes,  for  procuring  dephlogifti- 
cated  air;  but  as  they  all  appeared  neceflfary, 
in  my  invefiiigation  of  the  fubjed,  I  doubt  not 
but  an  attention  to  them  will  be  of  nfe  to  fuch 
as  are  difpofed  to  purfue  the  inquiry  themfelves. 
I  might  have  contented  myfelf  with  giving  a 
general  idea  of  the  refult  of  fuch  experiments  ; 
but  that  would  have  been  to  mix  my  own  cpi- 
nions  with/^t?j,  in  fuch  a  manner  that  the  reader 
would  not  have  been  able  to  feparate  them.  At 
prefent,  if  I  Hiould  be  jniftaken  in  any  of  my 
opinions,  the  reader,  having  before  him  all  the 
facls  on  which  thofe  opinions  were  grounded, 
will  be  able  to  redtify  the  miilake,  and  pre- 
vent the  error  from  fpreading. 

Having  {^tvi   fufficient   reafon   to  conclude 
that  refpirable  air  confiils  of  nitrous  acid  and 
earth,  my  objed,   in  all  this  courfe  of  experi- 
ments. 
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ments,  was  fimply  to  find  what  kind  of  earth 
was  moll  proper  for  this  purpofe,  or  which  had 
the  moft  aptnefs  to  form  this  peculiar  union 
with  the  nitrous  acid.  Upon  the  whole,  I 
think  it  will  appear  that  the  metallic  earths,  if 
they  be  free  from  phlogifton,  are  the  moft 
proper,  and  next  to  them  the  calcareous  earths  -, 
but  that  a  very  great  difference  in  the  produc- 
tion of  this  kind  of  air  depends  upon  a  variety 
of  circumftances  in  which  the  experiments  are 
made. 

I  have  obferved  that  red  lead,  without  any 
addition,  yields  dephlogiilicated  air  by  heat. 
To  give  fome  idea  of  the  differences  in  the  re- 
fults,  from  what  is,  to  appearance,  the  fame 
preparation,  and  of  the  confequence  of  adding 
fpirit  of  nitre  to  the  red  lead,  I  mufl  inform 
my  reader,  that  having  weighed  two  half- 
ounces  of  red  lead,  taken  from  the  fame  par- 
cel, I  put  one  of  them,  without  any  addition, 
into  the  gun-barrel,  and  with  a  very  brif]*:  fire 
(which  is  generally  a  confiderable  advantage  for 
the  production  of  air)  I  got  no  more  than 
three  ounce-meafures,  and  it  was  vtry  little 
better  than  common  air. 

The  fecond  half-ounce  T  moiftened  with  a 
very  diluted  fpirit  of  nitre ;  and  when  it  was 
dried  and  pounded,  I  put  it  into  the  fame  gun- 
barrel  i 
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barrel  •,  and^  in  the  fame  circuinftances  with 
the  former,  t  got  from  it  about  three  pints  of 
air,  the  firft  part  of  which  was  fo  far  dephlo- 
giilicated,  that  two  meafures  of  it,  and  five 
ef  nitrous  air,  occupied  the  fpace  of  two  mea- 
fures only  ;  of  the  fecond  quantity,  two  mea- 
fures were  not  increafe4  by  the  addition  of 
feven  meafures  of  nitrous  ^ir.  This  was  thd 
pureft  air  that  I  had  then  {t^vi.  *The  laft  pro- 
duce was  almoft  all  pure  fixed  air,  being  not 
at  all  affedled  by  nitrous  air.  extinguifhing  a 
candle,  and  precipitating  lime  in  lime-water. 
It  was,  indeed^  a  little  of  a  nitrous  nature  •, 
for  it  diminifhed  common  air  in  a  fmall  degree, 
an  efixsd  which  I  attribute  to  the  phlogifton 
comins  from  the  iron. 


o 


A  remarkable  difference  in  the  quantity  of 
the  produce  of  this  kind  of  air,  as  I  hinted 
juft  now  (and  as  I  have  obferved  in  a  former 
publication,  in  the  produce  of  inflammable  air) 
depends  upon  the  fuddennefs  with  v/hich  the 
fame  degree  of  heat  is  applied.  The  follow- 
ing muft  be  reckoned  a  remarkable  fa6t  of  this 
kind,  and  it  was  made  with  as  much  care  as 
I  could  poffibly  apply.  From  an  ounce  of 
red  lead,  by  a  fudden  and  brifk  heat,  I  got 
above  two  quarts  of  air,  a  great  part  of  which 
was  fixed  air,  and  the  reft  was  about  twice  as 
good  as  common  air  ^   and  immediately  after, 

putting 
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DUtting  the  very  fame  quantity  of  the  fame  par- 
cel of  red  lead  into  the  fame  gun-barrel,  by 
heat  very Jlowly  applied,  but  urged  vehemently 
at  laft,  I  got  no  more  than  two  ounce-meafures 
of  air,  a  great  part  of  which  was  fixed  air,  and 
the  reft  not  fo  good  as  common  air. 

I  had  been  told  that  red  lead  acquired  addi- 
tional weight  by  being  often  wailied  in  water. 
In  order  to  try  whether  this  was  the  fad:,  and 
alfo  whether  the  red  lead  acquired  its  property 
of  yielding  dephlcgifticated  air  by  this  means, 
I  wallied  a  quantity  of  that  parcel  which  I  had 
got  frefh-made,  four  times  in  diftilled  water, 
evaporating  it  to  drynefs  each  time ;  but  no 
more  air  came  from  it  than  when  it  had  not  been 
Wetted,  neither  was  it  at  all  increafed  in  weight 
by  this  means. 

1  have  obferved  that,  in  general,  thofe  fub- 
ftances  which,  without  containing  phlogifton^ 
yield  fixed  air  with  heat,  or  by  the  addition  of 
an  acid,  when  mixed  with  fpirit  of  nitre,  and 
treated  as  above,  yield  more  or  lefs  of  dephlo- 
gifticated  air ;  but  generally  with  a  confider- 
able  mixture  of  fixed  air,  though  I  profefs  not 
to  know  upon  v/hat  circumftance  it  is  that  the 
proportion  of  thefe  two  kinds  of  air,  produced 
from  thefe  fubftances,  depends, 

F  With 
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With  a  very  fmall  degree  of  heat,  white  lead, 
■without  any  addition,  yields  a  very  great  qnan-- 
tity  of  pure  fixed  air.  Having  moiftened 
about  an  ounce-meafure  of  it  with  fpirit  of 
nitre,  and  having  put  it  into  a  glafs-veffel,  with 
a  ground-flopple  and  tube,  I  extrafted  from 
it,  at  five  different  times,  five  pints  of  air,  each 
of  which  I  examined  feparately,  as  ufual,  and 
the  refults  were  as  follows. 

Of  the  firft  quantity,  about  4  'y  or  y-§  was 
abforbed  by  water,  and  the  remainder  neither 
affe6led  common  air,  nor  was  affe6led  by  ni- 
trous air,  fo  that  it  was  pure  fixed  air ;  and 
confidering  the  quantity  that  would  be  necefla- 
rily  abforbed  by  the  water  in  v/hich  it  was 
received,  before  I  made  any  trial  of  the  pro- 
perties of  it,  it  may  perhaps  be  deemed  to 
have  been  as  free  from  any  foreign  mixture  as 
any  that  was  ever  procured.  Of  the  fecond 
quantity,  abo\it  twice  as  much  was  left  un- 
abforbed  by  water,  and  the  refiduum  appeared 
to  be  dephlogifticated ;  for  it  took,  about  an 
equal  meafure  of  nitrous  air  to  faturate  it ; 
and  confequently  it  was  nearly  twice  as  good  as 
common  air.  Of  the  third  quantity,  as  little 
remained  unabforbed  by  water  as  of  the  firft  -, 
but  the  refiduum  was  as  pure  as  that  of  the 
fecond  quantity.  Of  the  fourth  quantity,  one- 
fourth  remained  unabforbed  by  water,  and  it 

took 
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took  I  -I-  of  nitrons  air  to  faturate  it.  Of  the 
fifth  pint,  one-haif  remained  unabforbed,  and 
it  took  more  than  two  equal  meafures  of  ni- 
trous air  to  faturate  it ;  fo  that  it  was  nearly 
four  times  as  pure  as  common  air.  Laftiy,  a 
lingle  ounce-meafure,  that  came  very  flow^ly 
after  the  five  pints,  was  no  part  of  it  abforbed 
by  water,  and  it  took  i  ~  of  nitrous  air  to  fa- 
turate it,  being  about  three  times  as  pure  as 
common  air. 

From  a  quantity  of  litharge^  moiflened  with 
fpirit  of  nitre,  and  dried,  I  got,  in  a  gun- 
barrei,  a  great  quantity  of  air  -,  about  half  of 
which  was  fixed  air,  precipitating  lime  in  lime- 
water,  and  the  other  halt  was  ftrongly  nitrous ; 
but  with  a  burning  lens,  in  quickfilver,  I  got 
a  very  pure  dephlogiflicated  air  from  this  mix- 
ture. 

To  go  through  the  different  ftates  of  lead 
in  this  manner,  I  took  half  an  ounce  of  lead- 
ore.,  and  having  faturated  it  with  fpirit  of  nitre, 
1  dried  it  as  before,  put  it  into  a  gun-barrel, 
filled  up  to  the  mouth  with  pounded  flint,  and 
placed  veflels  filled  with  water  to  receive  the 
air.  The  confequencc  was,  that  as  foon  as 
this  mixture  began  to  be  warm,  air  was  gene- 
rated very  fall,  infomuch  that,  being  rather 
alarmed,  I  flood  on  one  fide  j  when  prefently 
F  2  there 
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there  was  a  violent  and  loud  explofion,  by 
which  all  the  contents  of  the  gun-barrel  were 
driven  out  with  great  force,  dafhing  to  pieces 
the  veffels  that  were  placed  to  receive  the  air, 
and  difperfing  the  fragments  all  over  the  room ; 
fo  thart  all  the  air  which  I  had  collc(5led,  and 
which  was  about  a  pint,  was  loft.  The  mix- 
ture, before  it  was  put  into  the  gun-barrel,  was 
betwixt  white  and  yellow,  and  had  very  much 
the  fmell  of  brimftone  ;  fo  that  it  was  in  fa6b 
a  compofition  fimilar  to  gun-powder. 

Being  defirous  to  know  what  kind  of  air  I 
had  got  by  this  procefs,  I  put  the  fame  mate- 
rials into  a  glafs-phial,  and  putting  it  into  a 
crucible  with  fand,  difpofed  the  apparatus  for 
receiving  the  air  in  fuch  a  manner,  that  the  ex- 
plofion could  not  affecl  it.  It  did  explode  as 
before,  but  the  air  was  preferved,  and  appeared 
to  be  very  ftrong  nitrous  air,  almaft  as  much, 
fo  as  that  whicii  is  procured  by  the  Iblution  of 
m^etals. 

From  the  grey  calx  of  lead^  treated  in  the 
fame  manner,  I  got  about  a  pint  of  air,  half 
of  which,  being  readily  abforbed  by  water,  I 
take  for  granted,  was  fixed  air  \  but  the  re- 
mainder was  ftrongly  nitrous.  Had  I  not 
wafhed  it  a  good  deal  in  water,  it  would  pro- 
I  bably 
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bably  have  been  as  ftrong  as  that  which  is  pro- 
cured from  metals. 

•< 
The  pureft  air  that  I  ever  procured  was  from 
powers  of  zinc^  moiftened,  as  in  the  other  pro- 
ceffes,  with  fpirit  of  nitre,  and  put  into  a  glafs- 
phial,  witli  a  ground-fliopple  and  tube.  At 
firft  I  defpaired  of  getting  any  air  at  all 
from  the  procefs;  but  at  length  it  came  in  a 
prodigious  torrent,  and  was  fo  cloudy,,  that 
the  burfting  of  every  bubble,  after  it  had  paf- 
fed  through  the  water,  refembled  the  burfting 
of  a  bag  of  flour.  The  tube  through  which  it 
was  tranfmitted  was  exceedingly  red,  and  in 
fome  degree,  the  infide  of  the  receiver  too,  as 
might  be  perceived  amidft  the  thick  cloud  that 
filled  it.  This  cloiidinefs  of  the  newly-gene- 
rated air,  I  have  often  perceived  in  the  pro- 
cefs  with  red-lead,  but  never  in  fo  great  a  de- 
gree as  in  this  cafe. 

The  quantity  of  3ir  procured  was  nearly 
three  pints,  from  about  half  an  ounce-meafure 
of  the  flowers  of  zinc  :  and  it  was  fo  hisrhlv 
dephlogifticated,  that  it  took  three  times  its 
bulk  of  nicrous  air  before  its  dimenfions  were 
increafed.  When  it  had  got  only  twice  its 
bulk  of  nitrous  air,  it  was  reduced  to  lefs  xhan 
one-fifth  of  its  original  quantity.  The  laft 
produce  came  very  flowly,  and  v/as  not  quite 
F   3  ig 
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fo  pure.  The  flowers  of  zinc,  which  I  ufed  in 
this  experiment,  1  had  from  Dr.  Higgins. 
They  formed  a  very  hard  and  brittle  fuhllance, 
when  mixed  with  fpirit  of  nitre,  and  dried. 
After  the  procefs  it  fwelled,  and  broke  the 
phial  into  many  pieces. 

Belides  thefe,  I  tried  no  earth  of  any  metal 
except  the  ruft  of  iron  and  white  arfenic,  both  of 
which,  when  treated  in  the  manner  above  men- 
tioned, and  put  into  a  gun-barrel,  yielded  no- 
thing but  fixed  or  nitrous  air  ^  fo  that  thefe  calces 
undoubtedly  contained  much  phlogiftpn,  and 
the  flowers  of  zinc,  perhaps,  none  at  all. 

From  confiderably  lefs  than  half  an  ounce 
of  rufi  of  iron,  moiftened  with  fpirit  of  nitre, 
and  dried,  I  got  about  a  quart  of  air,  about 
one-third  of  which  was  fixed  air,  precipitating 
lime  in  lime-water,  &c.  and  the  remainder  was 
nitrous  j  fo  that  two  meafures  of  common  air 
and  one  of  this,  occupied  the  fpace  of  lefs  than 
two  meafures. 

The  ivhite  arfenic  I  procured  from  Dr. 
Higgins,  who  affured  me  that  it  contained  the 
leaft  phlogifton  pofTible.  I  moiftened  about 
an  ounce-meafure  of  it  with  fpirit  of  nitre, 
and  putting  it  into  a  phial  with  a  ground- 
ftopple  and  tube,  with  no  great  degree  of  heat, 

I  extrafled 
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I  extraded  from  it  four  ounce-meafures  of  air, 
and  it  was  as  ftrongly  nitrous  as  any  that  I  had 
ever  procured  from  metals.  I  increafed  the 
heat  till  the  phial  was  melted,  without  getting 
any  more  air.  The  tube  was  exceedingly  red 
during  the  tranfmiifion  of  the  air  through  it. 

Next,  to  the  metallic  earths  of  lead  and 
zinc,  I  found  the  calcareous  earths  the  moil 
proper  for  the  production  of  dephlogifticated 
air;  but  I  had  no  opportunity  of  trying  any 
great  variety  of  them.  The  belt  that  I  did 
try  was  chalk.  Having  faturated  half  an  ounce 
of  it  with  diluted  fpirit  of  nitre,  and  dried  it, 
I  got  from  it,  in  a  gun-barrel,  more  than  a 
pint  of  air,  which  was  highly  dephlogifticated. 
I  began  to  receive  this  produce  in  quickfdver, 
the  confequence  of  which  was,  that  the  nitrous 
acid,  coming  over  in  the  form  of  vapour,  dif- 
folved  the  quickfilver,  and  made  nitrous  air ; 
but  a  cruft  being  formed  upon  the  furface  of 
it»  prevented  the  lolution  of  more,  and  the  air 
continued  red  a  long  time, 

From  another  ounee-meafure  of  chalk,  treat- 
ed in  the  fame  manner,  I  got  about  a  quart  of 
air.  What  I  took  firft  was  confiderably  ni- 
trous, two  meafures  of  common  air  and  one  of 
this,  occupying  the  fpace  of  2  4-  meafures^ 
The  fecond  pint  was  dephlogifticated-,  fa  that 
F  4  two 
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two  meafures  of  it,  and  five  of  nitrous  air, 
occupied  the  fpace  of  two  meafures.  The 
iaft  was  lefs  dephlogifticatedj  being  about  one- 
hajf  better  than  common  air.  At  this  time 
the  air  was  generated  with  prodigious  rapi- 
dity ;  the  glafs-tube  through  which  it  was 
tranfmitted  was  exceedingly  red  ;  and  when, 
in  changing  the  velTels,  fome  of  the.  vapour 
efcaped  into  the  air,  it  had  the  reddeft  appear- 
ance of  any  thing  that  I  had  ever  {ttn  of  the 
kind. 

Having  faturated  half  an  ounce  of  exceed- 
ingly good  quick-lime  with  diluted  fpirit  of 
nitre,  dried  it,  and  put  it  intb  a  gun-barrel, - 
I  got  from  it  about  a  pint  and  half  of  air, 
the  firft  part  of  which  was  fo  far  dephlogifli- 
cated,  that  it  required  an  equal  meafure  of  ni- 
trous air  to  faturate  it.  The  fecond  was  no 
better  than  common  air,  and  the  third  was  equal 
to  the  firft.  In  this  procefs  the  air  was  pro- 
duced very  irregularly,  fometimes  coming  in 
great  quantities,  and  at  other  times  the  water 
WQuld  rufh  back  into  the  ti|be. 

I  repeated  the  experiment  on  quick-lime, 
in  a  glafs-phial  and  tube,  when  the  whole  quan- 
tity was  fo  pure,  that  it  required  twice  its  bulk 
of  nitrous  air  to  faturate  it.  The  produce  of 
air,  in  diis  experiment,  was  as  irregular  as  in 

the 
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the  preceding.  I  could  have  wiihed  to  have 
treated  the  ftone  from  which  that  lime  was 
jnade  in  the  fan:e  nianner,  but  I  had  no  op- 
portunity. 

From  lime  fallen  in  air,  moiftened  with  fpi- 
rit  of  nitre,  and  treated  as  above,  in  a  gun- 
barrel,  I  got  near  a  pint  of  air,  the  greateft 
part  of  which  came  very  rapidly,  the  fire  being 
urged  verj''  much ;  and  it  was  fo  far  dephlo- 
giilicated,  that  two  meafures  of  it  required  five 
mealures  of  nitrous  air  to  faturate  it.  The 
iail  produce  came  very  flowly,  and  it  v/as  fo 
far  nitrous,  that  two  m.eafures  of  common  air, 
and  one  of  it,  occupied  the  fpace  of  lefs  than 
two  meafures  •,  that  is,  it  was  very  nearly  per- 
fectly nitrous. 

I  alfo  molftened  with  fpirit  of  nitre  a  quan- 
tity of  lime  that  bad  been  plunged  in  ijoater^  in 
order  to  make  lime-v/ater,  and  got  air  from  it 
in  a  gun-barrel,  very  irregularly,  as  before  : 
one  part  of  this  air,  which  came  almoit  at  once, 
was  dephlogifticated,  fo  that  two  meafures  of 
this,  and  five  of  nitrous  air  occupied  the  fpace 
of  2  ^  meafures. 

From  tv/o  ounce-meafures  of  pounded  marhle, 
treated  as  above,  in  a  gun-barrel,  1  got  about 
tliree  quarts  of  air ;    but  a  very  great  propor- 
tion 
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tion  of  it  was  fixed  air,  efpecially  the  laft  pro- 
duce, which  indeed  was  very  little  elle ;  but 
towards  the  beginning  of  the  procefs,  the  re- 
fiduum  was  a  little  better  than  common  air. 

Repeating  this  experiment  on  marble,  in  a 
glafs-phial  with  a  ground-ilopple  and  tube,  I 
extraded  from  an  ounce-meafurc  of  it  about 
two  pints  of  air,  the  greateft  part  of  which 
was  fo  highly  dephlogifticated,  that  it  took 
nearly  three  equal  quantities  of  nitrous  air  to 
faturate  it.  Even  the  laft  produce  was  hardly 
to  be  diftinguilhed  from  the  firft.  What  re- 
mained in  the  phial  after  the  experiment  fweiled 
and  broke  it. 

From  magnefta,  both  calcined  and  uncalcined, 
I  got,  in  a  gun-barrel,  a  confiderable  quantity 
of  air.  From  the  calcined  magnefia  it  was  not 
much  better  than  common  air  ;  from  the  un-. 
calcined  it  was  more  than  twice  as  good.  But 
very  probably  this  difference  may  not  be  in- 
variable. 

I  think  it  very  probable  that  dephlogifti- 
cated air  may  be  procured  from  any  kind  of 
earth  with  which  the  fpirit  of  nitre  will  unite ; 
efpecially  if  it  will  likewife  admit  of  a  com- 
bination with  fixed  air  or  alkaline  air,  fo  that 
the  fpirit  of  nitre  mull  expel  the  fixed  air  or 

alt 
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alkaline  air,  before  it  can  incorporate  with 
it.  Of  fubftances  of  thefe  kinds,  befides  thofe 
above  mentioned,   I  tried  fait  of  tartar    and 

*woQd-afhcs, 

From  half  an  ounce  oifalt  of  tartar^  moiften- 
cd  with  fmoking  fpirit  of  nitre,  and  dried,  I 
got,  in  a  gun-barrel,  about  half  a  pint  of  air, 
the  greateft  part  of  which  was  fixed  air,  with 
a  refiduum  lo  far  dephlogifticated,  as  to  be 
about  three  times  as  good  as  common  air.  The 
produce  of  air,  in  this  experiment,  was  not 
very  rapid,  and  it  continued  a  long  time. 
More  would  have  been  colleded;  but  that 
part  of  it  efcaped  at  the  luting. 

I  moiftened  about  half  an  ounce-meafure 
of  afhes  of  wood,  carefully  burned,  firft  in  an 
iron-ladle,  and  then  in  a  crucible,  with  ftrong 
fmoking  fpirit  of  nitre ;  and,  in  a  gun-barrel, 
I  got  from  it  about  three  pints  of  air,  part  of 
v/hich  was  fixed,  precipitating  lime  in  lime- 
water,  &c.  and  the  reft  was  lb  pure,  that  it 
abforbed  nearly  three  times  its  bulk  of  nitrous 
air.  The  laft  produce  was  very  flow,  and  only 
about  twice  as  sood  as  common  air. 


o" 


From  an  ounce-meafure  of  aflies  of  pit-coal, 
burned  with  all  poflible  care,  and  treated  in 
the  fame  manner  as  above,   I  got  about  three 

quarts 
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quarts  of  air,  one-third  of  which  was  fixed 
air,  precipitating  lime  in  lime-water ;  but  the 
refiduum  was  ftrongly  nitrous,  efpecially  at  the 
laft.  It  is  obfervable  enough,  from  their  dark 
colour  (of  which  no  burning,  I  believe,  will 
diveil  them)  that,  in  general,  aflies  of  pit-coal 
contain  much  more  phlogifton  than  allies  of 
wood. 

N.  B.  In  this,  and  other  procefles,  it  will 
be  obferved,  that  fixed  air  was  procured  from 
fubllances,  which  can  hardly  be  thought  to 
have  contained  it  before  :  which  affords  a  pre- 
fumption,  that  that  it  is  not  an  3.cidfui  gene- 
ris, but  a  modification  of  the  nitrous  acid. 

Clay  is  a  fubftance  altogether  different  from 
calcareous  earth,  and  is  not  fuppofed,  I  be- 
lieve, to  contain  any  air  at  all.  Of  that  fpe- 
cies  of  it,  which  is  called  tobacco-pipe-clay^  and 
which,  I  believe,  is  the  pureft  of  all,  I  got 
from  Dr.  Higgins,  a  quantity  in  powder ;  arjd 
moiftening  it  with  fpirit  of  nitre,  I  obferved 
that  no  more  heat  or  effervefcence  was  pro- 
duced than  the  mixing  of  it  with  water  would 
have  occafioned. 

Putting  it,  when  dry,  into  a  gun-barrel,  I 
extracted  from  it,   by  a  ftrong  heat,  about  two 
ounce-meafures  of  air,  which  being  pretty  rea- 
dily 
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dily  abforbed  by  water,  neither  affecling  com- 
mon air,  nor  being  afFefted  by  nitrous  air,  and 
extinguijliing  a  candle,  I  concluded  to  be  fixed 
air.  Repeating  the  experiment,  I  got  the  fame 
produce,  only  obferving,  that  the  fixed  air 
made  lime-water  turbid,  the  rnoft  certain  teft, 

1  believe,  of  the  prefence  of  fixed  air  •,  and  the 
lafc  produce  was  highly  nitrous.  Imagining 
that  this  produce  might  have  come  from  the 
phlogiflon  of  the  iron,  I  refolved  to  repeat  the 
experiment  once  more,  with  all  pofiible  care, 
in  a  glafs-phialj  with  a  ground-ftopple  and 
tube. 

I  did  fo,  and  took  the  produce  at  eight  dif- 
ferent times.  The  firll  and  fecond  quantities 
had  a  good  deal  of  fixed  air  in  them  ;  the  refi- 
duum  of  the  firfl  was  a  little  diminifhed  by' 
nitrous  air,  almofl  as  much  as  air  in  which 
a  candle  had  burned  out,  which  might  be  ow- 
ing, in  part,  to  the  common  air  contained  in 
the  phial.  The  refiduum  of  the  fecond  quan- 
tity, on  the  other  hand,  diminifhed  common 
air  a  little  ;  fo  that  two  meafures  of  common 
air,    and  one  of  this,  occupied  the  fpace  of 

2  i  meafures.  Of  the  third  quantity,  two  mea- 
fures required  three  rneafures  of  nitrous  air  to 
faturate  it ;  fo  that  it  v/as  pretty  highly  de- 
phlogifticated.     Of  the  fourth,  two  meakires, 

and 
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and  three  of  nitrous  air,  occupied  the  Ipace  of 
I  ^  meafures.  The  fifth  was  of  the  fame  qua- 
lity with  the  third.  The  fixth  required  twice 
its  quantity  of  nitrous  air  to  faturate  it.  The 
feverith  was  not  quite  fo  pure  as  the  fixth  ;  and 
the  eighth  neither  affedled  common  air,  nor 
was  affedled  by  nitrous  air,  being  what  I  term 
phlogifticated  air.  As  fome  part  of  this  produce 
was  nitrous  air,  it  is  evident  that  the  phlo- 
gifton  neceflary  to  conftitute  it  muft  have  been 
in  the  clay,  and  not  in  the  veflel  containing 
it,  which  was  of  glafs. 

Having  by  me  a  quantity  of  Sionrbridge  clay^ 
I  had  the  curiofity  to  repeat  the  experiments 
with  this  Ipecies,  to  fee  whether  there  would  be 
any  material  difference  in  the  refult.  Ufmg 
the  gun-barrel,  I  received  the  air  in  four 
portions.  The  firft  was  fixed  air,  making 
lime-water  turbid,  and  being  more  than  half- 
abforbed  by  water ;  the  fecond  was  about  as 
good  as  common  air,  and  the  fourth  was  con- 
siderably nitrous. 

To  avoid  the  effedl  of  the  gun-barrel,  I  then 
put  the  clay  into  a  phial,  with  a  glafs-ftopplt 
and  tube,  and  putting  it  into  a  fand-heat,  I  re- 
ceived the  air,  for  the  fake  of  greater  exaft- 
neft,  in  ten  different  portions,  about  one-half 
of  an  ounce-meafure  each.     The  firft  produce 

was 
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was  half-abforbed  by  water,  with  a  refiduum  fo 
far  nitrous,  that  two  meafures  of  common  air 
and  one  of  this,  occupied  the  fpace  of  2  4-  mea- 
fures. The  fecond  and  third  portions  were 
almoft  wholly  fixed  air,  precipitating  lime  in 
lime-water,  and  not  at  all  afFe6ting  common 
air,  or  being  affefted  by  nitrous  air.  Of 
the  fourth  I  have  no  account.  The  fifth 
was  fo  far  dephlogifticated,  that  two  meafures 
of  it,  and  three  of  nitrous  air,  occupied  the 
fpace  of  2  ^  meafures.  The  fixth  and  feventh 
produce  were,  as  nearly  as  pofTible,  common  air. 
The  ninth  was  fo  far  nitrous,  that  two  mea- 
fures of  common  air,  and  one  of  this,  occu- 
pied the  fpace  of  2  4-  meafures  ;  and  the  tenth 
diminifhed  common  air  flill  lefs. 

It  is  evident,  from  the  courfe  of  this  pro- 
cefs,  that  phlogifton  muft  have  been  contained 
in  the  clay,  and  have  been  difengaged  at  diffe- 
rent times,  according  as  the  heat  affe61:ed  dif- 
ferent parts  of  the  mixture.  Had  the  whole  of 
this  produce  been  taken  together,  it  would 
have  been  about  the  ftandard  of  common  air 
mixed  with  fixed  air  i  which  fhews  the  impor- 
tance of  taking  the  produce  in  different  veffels, 
and  examining  them  feparately  •,  a  pra<5tice 
which  the  reader  will  find  I  have  often  had  re- 
courfe  to  with  great  advantage. 

As 


So       An  Account  offome  Prccejfes  for  the 

As  a  great  degree  of  heat  cannot  be  applied 
to  any  thing  contained  in  a  glafs-veffel,  with- 
without  melting  it,  and  I  was  willing  to  know 
what  would  be  the  effe6l  of  more  heat  on  this 
very  clay  when  the  above  mentioned  experi- 
ment was  over,  I  took  it  out  of  the  phial,  and 
put  it  into  a  gun-barrel  •,  when  I  got  a  confi- 
derable  quantity  of  air  from  it.  Part  of  it  waS 
fixed  air,  precipitating  lime  in  lime-water^ 
and  the  remainder  was  like  the  renduum  of 
fixed  air,  or  phlogifticated  common  air,  ex- 
tinguifhing  a  candle,  and  being  neither  affedled 
by  nitrous  air,  nor  affetling  common  air.  I 
did  the  fame  thing  with  the  tobacco-pipe-clay, 
which  remained  after  the  experiment  above 
recited,  and  had  nearly  the  fame  refult.  The 
firfl  produce  was  of  the  fame  degree  of  purity 
with  common  air,  and  the  next  vv^as  a  little  af- 
feded  by  nitrous  air. 

From  a  quantity  of  gypfivm^  which  I  pro- 
cured in  the  form  of  pov/der,  I  got  a  quantity 
of  fixed  air  in  a  gun-barrel ;  and  from  the 
fame,  moiftened  with  fpirit  of  nitre,  and  treated 
in  the  fame  manner,  I  got  a  little  fixed  air, 
with  a  great  proportion  of  nitrous  air,  almcH' 
as  flrong  as  any.  But  fufpeding  that  this  gyp- 
fum  was  not  pure,  I  got  of  Dr.  Higgins  a  piece 
of  that  kind  of  which  thefineft  plaifter  is  made, 
and  from  this,  mixed  with  fpirit  of  nitre,  I  got 

a  confiderabie 
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a  confiderable  quantity  of  air,  part  of  which 
was  fixed  air,  and  the  remainder  neither  afFedl- 
ed  common  air,  nor  was  afFed:ed  by  nitrous  air, 
and  extinguifhed  a  candle.  At  laft  the  air  was 
nitrous,  as  I  fulpedl,  from  the  gun-barrel. 

Being  rather  furprized  that  this  kind  of 
•arth,  which  had  the  appearance  of  being  very 
free  from  phlogillon,  fhould  yield  air  of  no 
better  quality  than  this,  I  repeated  the  expe- 
riment, by  taking  the  produce  of  air  at  feve- 
ral  times,  as  in  former  experiments,  moiftening 
the  earth  with  a  ftronger  fpirit  of  nitre  than 
before ;  and  inflead  of  a  gun-barrel,  made 
ufe  of  a  phial  with  a  ground-flcpple  and  tube. 
The  quantity  of  air  produced  in  this  m.anner, 
was  about  two  ounce-meafures,  from  an  ounce- 
meafure  of  the  plaiiler,  and  I  received  the  air 
in  four  different  parts. 

The  firft  was  a  little  diminifhed  by  nitrous 
air,  being,  I  fuppofe,  in  a  great  meafure,  com- 
mon air  not  quite  expelled  from  the  phial ;  and 
the  fecond  was  ftrong  nitrous  air,  perhaps  from 
fome  phlogifliic  matter  accidentally  mixed  with 
the  ingredients.  I  am  the  more  induced  to 
think  fo,  becaufe  the  third  and  fourth  produce 
was  fo  highly  dephlogiflicated,  that  one  mea- 
fure of  each  took  five  meafures  of  nitrous  air 
G  to 
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to  faturate  it  •,  fo  that  they  were  each  four  times 
as  good  as  common  air. 

After  the  preceding  experiments,  there  re- 
mained only  the  cryftallim  and  talcky  earths^ 
that  are  effentially  different  from  each  other  ; 
and  each  of  thefe  alfo  yielded  dephlogifticated 
air,  when  they  were  treated  in  the  fame  man- 
ner with  the  earths  above  mentioned,  but  in 
a  very  fmall  quantity. 

When  I  took  common  flints^  as  they  arc 
dug  out  of  the  ground,  part  white  and  part 
black,  moiftening  the  powder  of  them  with 
fpirit  of  nitre,  as  before,  and  ufmg  a  gun- 
barrel,  I  got  fixed  air,  with  a  great  proportion 
of  nitrous  air  j  that  which  came  over  the  firft 
being  like  the  refiduum  of  fixed  air,  extinguilli- 
ing  a  candle,  but  being  not  readily  abforbed 
by  water. 

After  this  I  got  fome  flints  carefully  calcined 
in  clofe  veffeh^  by  Dr.  Higgins,  and  having 
pounded  a  quantity  of  them,  and  moiftened 
the  powder  with  fpirit  of  nitre,  I  put  it  into  a 
glafs-phial  with  a  ground  ftopple  and  tube ; 
and  applying,  at  firft,  the  flame  of  a  candle 
only,  the  air  I  got  was  in  a  very  fmall  quan- 
tity-, but  it  precipitated  lime  in  lime-water, 
and  diminilhed  common  air  a  little. 

2  I  then 
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I  then  put  the  fame  apparatus  into  a  fand- 
heat,  when  I  got,  in  all,  r,-^  much  air  as  twice 
the  bulk  of  the  materials.  Part  of  it  preci- 
pitated lirr.e  in  lime-water,  but  the  reft  of  the 
produce  was  confiderably  better  than  common 
air ;  and  the  laft  was  fo  good,  that  it  took  two 
meafures  of  nitrous  air  to  faturate  it. 

Left  this  air  might  come  from  fome  extra- 
neous matter,  mixed  with  the  powder  of  flint, 
I  put  fome  frefti  fpirit  of  nitre  upon  the  fame 
materials,  without  taking  them  out  of  the 
phial,  after  I  had  found  that  they  would  yield 
no  more  air  from  the  firft  procefs,  and  I  re- 
placed the  phial  in  the  fame  fand-heat.  The 
air  firft  produced  in  this  fecond  procefs  was 
but  little  diminiftied  by  nitrous  air,  but  the 
reft  was  almoft  as  pure  as  any  that  I  had  ever 
got  before.  The  quantity  of  it,  however,  was 
not  more  than  the  bulk  of  the  materials. 

N.  B.  When,  in  this  experiment,  the 
bubbles  of  air  burft,  after  getting  through  the 
water,  a  whitifli  cloud  iftued  from  them,  as 
in  the  rapid  produdlion  of  nitrous  air,  -  and  as 
in  the  produce  of  dephlogifticated  air  from 
the  flowers  of  zinc  above  mentioned,  but  in  a 
much  lefs  degree. 


'O* 
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I  repeated  the  fame  procefs  not  lefs  than 
half  a  dozen  times,  putting  frelh  fpirit  of 
nitre  upon  the  fame  materials,  without  taking 
them  out  of  the  phial,  but  the  refult  was  al- 
ways the  fame  ;  the  firft  produce  of  air  being 
always  phlogifticated,  then  (after  an  interval  in 
which  nothing  but  the  pure  vapour  of  fpirit 
of  nitre  came  over)  the  remainder  being  the 
dephlogifticated  air  above  mentioned. 

To  complete  this  courfe  of  experiments,  I, 
in  the  lafb  place,  put  ilrong  fpirit  of  nitre  into 
a  phial,  filled  with  tranfparent  Mufcovy  talc^ 
fuch  as  opticians  make  ufe  of  for  confining  mi- 
crofcopic  objects.  In  this  procefs  every  thing 
went  on  in  the  very  fame  manner  as  with  the 
calcined  flint ;  the  firft  produce  being  phlo- 
gifticated air,  or  air  of  fuch  quality  as  neither 
to  affe6t  common  air,  nor  be  affefted  by  ni- 
trous air,  then  the  pure  vapour  of  the  fpirit  of 
nitre  ;  and  lailly,  about  an  ounce-meafure  of 
air,  about  five  times  as  good  as  common  air. 
The  pieces  of  talc  v/hich  had.  been  contiguous 
to  the  fides  of  the  phial  appeared  to  be  a  little 
whitened  after  the  experiment,  but  the  reft 
looked  as  if  they  had  never  been  ufed  in  that 
manner;  being  as  tranfparent  as  before,  and 
of  as  firm  a  texture,  but  feemingly  more  flex- 
ible ;  fo  that  thofe  pieces,  when  handled  all  to- 
gether, felt  like  foft  feathers.    • 

4  It 
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It  is  fufficiently  evident  from  thefe  experi- 
ments, that  dephlogifticated  air  is  produced 
from  all  kinds  of  earth  mixed  with  fpirit  of 
nitre,  only  that  a  greater  quantity  of  air  is  pro- 
duced from  fome  than  from  others  ;  the  advan- 
tage in  this  refpedt  being  on  the  fide  of  tiie 
metallic  and  calcareous  earths. 

I  would  obferve,  that  this  pFOcefs  feems  to 
furnifh  a  pretty  accurate  teil,  perhaps  the  moil 
accurate  hitherto  known,  of  the  prefence  of 
phlogiflon  in  bodies.  Perhaps  no  fpecies  of 
air  can  be  produced  without  a  certain  portion 
of  phlogifton ;  but  probably  the  nitrous  acid 
itfelf  always  contains  fufficient  for  the  purpole 
of  dephlogifticated  air.  But  nitrous  air  con- 
tains fo  much  phlogifton,  that  I  think  it  can- 
not be  produced  unlefs  the  materials  themfelves 
contain  it  in  a  very  confiderabie  degree.  Thus 
I  have  no  doubt  but  that  white  arfenic^  though 
it  may  be  thought  to  contain  no  phlogifton, 
really  does  contain  a  confiderabie  quantity  of 
it ;  whereas,  if  the  air  be  highly  dephlogifti- 
cated, I  think  it  may  be  confidered  as  the  moft 
fatisfaftory  proof  we  are  yet  acquainted  with, 
that  the  fubftancc  contains  no  phlogifton  at 
all. 

I  fliall  clofe  this  fedtion  with  an  account  of 

the  extradion  of  pure  air  from  other  fubftances 

G  3  befides 
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belides  mercurius  calcinatus,  and  red  lead,  with- 
out the  addition  of  fpirit  of  nitre.  Of  this 
kind  I  have  only  found  two  fubftances,  viz.  fe- 
dative  fait,  and  Roman  vitriol  /lightly  calcined, 
which  I  had  from  Dr.  Higgins  ^  befides  com- 
mon/j/Z-p^/rd',  which  is  knov/n  to  contain  the 
acid  of  nitre  in  itfeif.  From  the  two  former  I 
extrafted  air  by  means  of  a  burning  lens  in 
quickfilver. 

The  fedative  fait  is  not  very  manageable  in 
this  procefs  •,  but,  with  fome  difficulty,  I  did 
extraft  from  it  a  fmall  quantity  of  air,  in  which 
a  candle  burned  as  in  common  air,  and  which 
•was  diminilhed  as  much  as  common  air  by  ni- 
trous air.  At  another  time,  the  air  which  I 
extraded  from  this  fubflance  was  not  dimini- 
lhed by  nitrous  air  quite  fo  much  as  common 
air  is. 

N.  B.  The  quantity  of  air  was  always  very 
fmall,  not  more  than  the  bulk  of  the  mate- 
rials. 

From  the  Roman  vitriol  I  alfo  got  but  a 
fmall  quantity  of  air.  The  firft  that  I  got  was 
diminilhed  by  nitrous  air,  exadlly  as  much  as 
common  air.  I  repeated  the  experiment,  and 
the  air  which  I  then  got  was  diminifhed  by  ni- 
trous air  confiderably  more  than  common  air. 

The 
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The  refuk  of  thefe  experiments  rather  furprizes 
me,  as,  after  many  trials  made  with  a  view  to 
it,  I  could  get  no  fuch  air  from  any  fpecies  of 
fa^ttioiis  'vitricl,  calcined  or  imcalcined. 
There  muft  certainly  have  been  fome  nitrous 
acid  in  that  Roman  vitrioL 

The  readers  of  my  former  publications  onk 
this  fubjeil  will  remember,  that  I  was  exceed- 
ingly puzzled  with  the  experiments  which  I 
made  to  extract  air  from  falt-petre  in  a  gun- 
barrel ;  the  refults  appearing  to  me  very  exira- 
o-rdinary,  and  well  worth  attending  to,  as  they 
might  lead  to  confiderable  difcoveries.  See 
Vol.  I.  p.  155.  In  fa6l,  there  was  fufficient 
reafon  for  the  conje6ture ;  but  the  method 
which  I  then  took  to  extract  air  from  this  fub- 
fiance  was  ill  adapted  to  make  it  yield  its  ge- 
nuine produce.  I  had  not,  however,  at  that 
time,  thought  of  any  other. 

'  The  air  I  firft  got  admitted  a  candle  to  burrt 
in  it  with  a  very  llrong  flame,  and  with  a  crack- 
ling noife.  Alfo,  though,  after  having  ftood 
a  whole  year  in  water,,  it  became  quite  noxious, 
yet  by  agitation  in  frefh  water,  it  was  perfedl- 
iy  reftored  •,  fo  that  a  candle  would  burn  in 
it  again.  At  the  time  of  my  laft  publication, 
I  Gonjeftured  that  this  air  was  phlogifiicated  ni- 
ii'ous  air  ■.,  but  now  I  think  it  muft  have  been. 
G  4  dcohlo- 
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deplogifticated  air,  though  produced  in  a  gun-< 
barrel,  in  which  the  fpirit  of  nitre,  by  diflblv- 
ing  the  iron,  would  be  very  apt  to  deprave  the 
air ;  and  accordingly,  in  repeating  this  expe- 
riment fome  time  afterwards,  I  got  air  that 
extinguifhed  a  candle. 

I  v/as  much  puzzled,  at  that  time,  to  account 
for  the  very  different  refults  of  what  was,  to 
'  appearance,  the  fame  experiment  -,  but  I  do 
not  wonder  at  it  now.  I  imagine  that,  in  the 
former  cafe,  the  air  was  produced  very  ra- 
pidly, and  therefore  that  there  was  not  time 
for  the  fpirit  of  nitre  to  aft  upon  the  iron ; 
and  confequently  the  falt-petre  gave  its  natural 
produce  :  whereas,  in  the  latter  cafe,  a  mixture 
of  nitrous  air  (produced  by  the  folution  of 
iron  in  the  nitrous  acid,  difengaged  from  the 
falt-petre)  had  thoroughly  depraved  the  air.  I 
advance  this  with  the  more  certainty,  as  I  have 
found  that  falt-petre,  heated  in  a  glafs-velTel, 
yields  very  pure  dephlogiilicated  air,  its  own 
earth,  and  the  fpirit  of  nitre  which  it-  contains, 
being  capable,  by  heat,  of  forming  that  kind 
of  union  of  thofe  two  principles  which  the  con- 
flitution  of  that  air  requires  ^  and  this,  I  think, 
is  a  pretty  remarkable  circumftance. 

It  may  be  worth  while  to  obferve,  that  I 
began  my  experiments  upon  nitre  in  quick- 

filver  ^ 
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filver ;  but  that  the  air  produced  in  this  manner 
was  nitrous,  occafioned  by  the  folution  of  the 
quickfilver,  as  in  the  former  cafe,  by  the  folu- 
tion of  the  iron  in  the  fpirit  of  nitre  difengaged 
in  the  operation.  A  copious  white  fume  iffued 
from  the  nitre  in  the  courfe  of  this  experiment, 
like  that  which  attends  the  rapid  produdion 
of  nitrous  air  from  metals. 

When  I  had  recourfe  to  my  tall  glafs-veflels 
(fig.  d.)  1  ufed  an  ounce  of  falt-petre  .pounded ; 
and  filling  the  veffel  up  to  the  mouth  with 
pounded  flint,  I  took  the  produce  of  air  at 
nine  times,  each  about  three  quarters  of  an 
ounce-meafure.  The  firft  produce  was  not 
quite  fo  good  as  common  air,  the  fecond  was 
of  the  fame  degree  of  purity  with  common  air, 
the  third  rather  worfe  ;  but  the  fourth  was  fo 
far  dephlogiflicated,  that  one  meafure  of  it, 
and  two  of  nitrous  air,  occupied  the  fpace  of 
one-fifth  lefs  than  one  meafure.  The  fifth  pro- 
duce was  ftill  better  ;  for  one  meafure  of  it, 
and  two  of  nitrous  air,  occupied  the  fpace  of 
half  a  meafure.  The  ninth  was  about  the 
fame  degree  of  purity  -,  and  the  reft,  I  pre- 
fume,  were  not  much  different. 

Being  defirous  of  knowing  what  kind  of  air 
was  produced  by  the  explofion  of  gun-powder, 
I,   for  that  purpofe,  mixed  equal  quantities  of 

brimftone, 
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brimftone  and  falt-petre,  both  finely  pounded, 
and  put  them  into  a  tall  glafs-veffel.  The 
produdion  of  air  was  very  rapid  and  copious, 
and  fo  highly  nitrous,  that  two  meafures  of 
common  air,  and  one  of  this,  occupied  the 
fpace  oi  2~  meafures.  Since  the  produce  of 
air  from  fpirit  of  nitre  and  charcoal  is  the  very 
fame  with  this,  viz.  nitrous  air,  it  cannot  be 
doubted  but  that  nitrous  air  is  alfo  produced 
in  the  explolion  of  gun-powder,  which  is  com- 
pofed  of  thofe  ingredients  -,  the  fpirit  of  nitre 
not  being  deftroyed,  or  fo  far  decompofed  as 
that  its  acid  nature  is  loft,  but  only  entering 
into  the  compofition  of  this  fpecies  of  air. 


SEC- 
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SECTION    V. 

Mifcellaneous  Ohfervations  on  the  Properties  of 
Dephlogisticated  Air, 

I  endeavoured.  In  a  variety  of  ways,  to 
find  the  fpecific  gravity  of  dephlogifticated  air, 
by  carefully  weighing  the  materials  before  and 
after  the  production ;  and  though  this  is  by 
no  means  an  exadt  method  of  afcertaining  this 
circumflance,  and  I  had  recourfe  to  better  me- 
thods afterwards,  the  experiments  may  be  worth 
reciting.  * 

Having  put  into  a  gun-barrel  two  ounces 
four  pennyweights  of  red  lead,  I  extradled 
from  it  tweaty  ounce-meafures  of  dephlogifti- 
cated air,  receiving  it  in  water ;  and  the  refi- 
duum,  collefted  with  all  the  care  that  I  could 
apply,  weighed  i  oz.  i6dwt.  i8gr. ;  fo  that 
twenty  ounces  of  air  ought  to  have  weighed 
7  dwt.  6  gr.  which  is  beyond  all  proportion  ; 
fo  that  this  method  muft  be  very  uncertain  : 
befidcs,  no  allowance  was  made,  nor  could 
well  be  made,  for  the  fixed  air  v/hich  the  red 
lead  yielded,  and  which  is  the  heavieft  fpecies 
of  air  that  we  are  yet  acquainted  with.     At 

other 
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other  times  I  have  found  that  red-lead  was 
changed  into  a  real  lead,  when  I  was  attempt- 
ing the  fame  thing  in  this  way. 

A  fecond  attempt  cam.e  a  little  nearer  the 
truth.  I  weighed  an  ounce  of  red  lead,  moif- 
tened  it  with  fmoking  fpirit  of  nitre,  and  dried 
it,  when  it  weighed  i  oz.  6  dwt.  12  gr.  I 
then  divided  the  whole  quantity  into  two  equal 
parts,  and  put  one  of  them  into  a  gun-barrel, 
in  order  to  colledt  the  air,  and  the  other  I  put 
into  a  crucible,  to  be  expofed  to  the  fame  degree 
of  heat.  The  former  yielded  twenty- two  ounce- 
meafures  of  air,  after  the  fixed  air  was  pretty 
well  wailied  out  of  it.  It  was  about  five  times 
as  good  as  common  air.  The  latter  had  loft 
nineteen  grains  in  weight,  being  juft  fo  much 
Jefs  than  half  an  ounce  -,  fo  that  the  twenty- 
tvvTO  ounce-meafures  of  air  fhould  have  weighed 
nineteen  grains,  which  is  certainly  a  great  deal 
too  much :  befides,  in  this  experiment,  as  in 
the  former,  no  account  could  be  taken  of  the 
fixed  air. 

Finding  thefe  methods  to  fail,  I  had  recourfe 
to  that  vvhich  was  ufed  by  Mr.  Cavendilh  in 
weighing  fixed  and  inflammable  air,  and  which 
is  more  accurate  than  the  method  which  I  had 
ufed  before  (viz.  filling  a  Florence-flails:  with 
the  different  kinds  of  air,  and* weighing  them 

in 
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in  it)  becaufe,  as  the  flafls:  mud  be  firft  filled 
with  water,  one  cannot  be  fure,  though  every 
poiTible  precaution  be  taken,  that  the  water 
has  been  equally  drained  from  it  after  each  ex- 
periment :  otherwife  there  would  be  a  confi- 
derable  advantage  in  this  method  -,  becaufe  the 
quantity  of  air  may  be  accurately  known.  But 
though  this  cannot  be  done  with  preciflon  in  a 
bladder,  as  ufed  by  Mr.  Cavendifh,  becaufe  the 
degree  of  diilenfion  cannot  be  meafured  with 
much  accuracy,  yet  this  circumftance  is  more 
than  counterbalanced  by  being  able  to  change 
the  air  with  comprefTmg  the  bladder,  without 
wetting  it. 

I  therefore  took  a  glafs-tube  about  nine 
inches  long,  and  fattening  it  to  the  neck  of  a 
bladder,  which,  with  fuch  a  degree  of  diilen- 
fion as  I  could  give  it,  in  the  manner  in  which 
the  experiment  was  made,  contained  fifty-five 
ounce-meafures,  or  one  pennyweight  nine  grains 
of  common  air.  The  tube  was  fo  fattened,  that' 
I  could  take  it  out  at  pleafure ;  and  having 
the  bladder  thus  prepared,  I  carefully  com- 
prefled  it,  then  filling  it  in  part  with  that  kind 
of  air  which  I  was  about  to  weigh,  I  com- 
prefixed  it  again,  and  then  filled  it  intireiy  -, 
fo  that  I  was  pretty  confident  that  the  air 
within  the  bladder  contained  very  little  com- 
mon, or  any  other  kind  of  air.  In  this  man- 
ner 
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ner  I  proceeded  to  weigh  dcphlogifiicated  -alr^ 
and  at  the  fame  time  nitrous  air^  and  air  phlo- 
gifticated  with  ircn  filings  and  hrimjicne^  which 
I  take  for  granted  is  the  fame  thing  with  air 
phlogiflicated  by  any  other  procefs. 

The  folloAving  Ihort  table  exhibits  the  refult 
of  ail  thefe  experiments  at  one  view. 

The  bladder,  filled  with  dwts.  gr. 

phlogilticated  air,  v/eighed        -     -     -     715 

— nitrous  air     -     -     -     716 

• common  air     -       -     7   ^7 

• ■ dephlogillicated  air  -   7   19 

This  refult  agrees  fufficiently  well  with  my 
former  obfervations,  though  they  were  not  made 
with  fo  much  accuracy,  viz.  that  both  nitrous 
air,  and  air  diminished  by  phlogiftic  procefTes, 
are  rather  lighter  than  common  air ;  and  it  is 
confonant  to  this,  that,  in  the  prefent  expe- 
riment, dephlogillicated  air  appears  to  be  a 
little  heavier  than  common  air. 

Comparing  thefe  obfervations  with  that  of 
the  extreme  lightnefs  of  inflammable  air,  afcer- 
tained  by  Mr.  Cavendifh,  it  fhould  feem  that 
the  lefs  phlogifton  any  kind  of  air  contains 
the  heavier  it  is,  and  the  more  phlogifton  it 

contains 
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contains  the  lighter  it  is  -,  though  this  is  by 
no  means  the  cafe  v/ith  folid  fubftances,  and 
indeed  it  is  rather  unfavourable  to  this  hypo- 
thecs, that  nitrous  air  fhould  not  be  lighter 
than  dephlogillicated  air  ;  for  it  fhould  feem, 
by  its  property  of  phlogifbicating  common  air, 
that  it  fhould  itfelf  contain  a  greater  propor-^ 
tion  of  phlogifton.  Alfo,  in  the  above  men- 
tioned procefTes  for  making  air,  the  more 
phlogiflon  there  is  in  the  fubftances  moiftened 
with  fpirit  of  nitre,  the  more  certain  it  is  that 
the  produce  will  be  nitrous  air  j  as  the  lefs 
phlogiflon  they  contain,  the  more  certain  it  is 
that  the  produce  will  be  pure  air.  But  I  fuf- 
pe6l  that  there  is  a  farther  difference  in  the 
mode  in  which  phlogifton  is  combined  with 
Ipirit  of  nitre,  in  the  conflitution  of  nitrous. 
ain 

In  this  experiment,  the  dephlogiflicated  air 
was  fo  pure,  that  one  meafure  of  it,  and  two 
of  nitrous  air,  occupied  the  fpace  of  4^  of  a 
meafure.  Had  the  air  been  more  pure,  it 
would,  no  doubt,  have  been  fpecifically  hea- 
vier ftill. 

It  fhould  be  obferved,  that  fufficient  time 
ought  to  be  allowed  to  get  dephlogiflicated  air 
intirely  free  from  fixed  air  before  it  is  weighed; 

and 
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and  as  this  requires  time,  and  perhaps  may* 
never  be  done  completely,  it  may  be  fufpe6ted 
that  the  additional  weight  of  this  kind  of  air 
is  owing  to  a  mixture  of  fixed  air.  But  com- 
mon air  alfo  contains  a  great  proportion  of 
fixed  air,  and  the  dephlogifticated  air,  on  which 
I  made  this  experiment,  had  been  produced, 
at  leaft  the  far  greateft  part  of  it,  and  had 
been  expofed  to  water,  fome  weeks.  It  is, 
however,  fufficiently  evident,  that  dephlogif- 
ticated air  doth  become  better  by  Handing  in 
water ;  owing,  probably,  to  its  depofiting 
more  fixed  air  in  thofe  circumftances. 

Having  at  one  time  made  a  large  refervoir 
of  dephlogifticated  air,  for  the  purpofe  of 
experiments,  I  found  that,  in  about  ten  days, 
from  being  4  i,  it  had  become  5  4-  better  than 
common  air.  Standing  in  pure  water  muft  be 
a  furer  method  of  getting  the  pureft  dephlo- 
gifticated air,  than  agitation  in  water ;  for,' 
though  the  latter  method  will  enable  the  water 
to  abforb  the  fixed  air  fafter,  and  tlierefore  a 
little  agitation  at  the  firft  will  be  very  ufeful, 
in  order  to  expedite  the  purification  of  it; 
yet,  as  I  have  found  (vol.  I.  p.  158)  that  agi- 
tation in  the  pureft  water  will,  in  time,  injure 
common  air ;  the  fame  operation  may  be  fup- 
pofed  to  injure  dephlogifticated  air  alfo  ;  and 
indeed  I  have  already  obferved,  that  having 

agitated 
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agitated  in  water  a  quantity  of  dephlogifticated 
air,  a  candle  burned  in  it  only  as  in  common 
air,  and  not  with  that  vivid  flame  with  which 
it  burns  in  this  air  when  it  is  purer. 

I  have  not  made  many  experiments  on  the 
mixture  of  dephlogifticated  air  with  the  other 
kinds  of  air,  becaufe  the  analogy  which  it 
bears  to  common  air  is  fo  great,  that  I  think 
any  perfon  may  know  before-hand,  what  the  re- 
fult  of  fuch  experiments  would  be.  It  is  pleaf- 
ing,  however,  to  obferve  how  readily  and  per- 
feftly  dephlogifticated  air  mixes  with  phlogif- 
ticated  air,  or  air  injured  by  refpiration,  putre- 
fadion,  &c.  each  tempering  the  other ;  fo  that 
the  purity  of  the  mixture  may  be  accurately 
known  from  the  quantity  and  qualit)^  of  the  two 
kinds  of  air  before  mixture.  Thus,  if  onemica- 
fure  of  perfe6tly  noxious  air  be  put  to  one  mea- 
fure  of  air  that  is  exadbly  twice  as  good  as  com- 
mon air,  the  mixture  will  be  precifely  of  the 
ftandard  of  common  air. 

I  obferved  alfo,  in  making  this  experiment, 
that  after  mixing  one  meafure  of  each  of  thefe 
kinds  of  air,  they  made  exa6lly  two  meafures  ; 
fo  that  there  was  neither  any  increafe  nor  dimi- 
nution of  quantity  in  confequence  of  the  mix- 
ture, as  is  the  efFe6l  of  mixing  nitrous  air  with 
eiti)er  common  or  dephlogifticated  air. 

H  It 
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.  '  It  may  fience  be  inferred,  that  a-  quantity  oF 
very  pure  air  would  agreeably  qualify  the 
noxious  air  of  a  room  in  which  much  com- 
pany fhould  be  confined,  and  which  Ihould  be 
fo  fituated,  that  it  could  not  be  conveniently 
ventilated  •,  fo  that  from  being  offenfive  and 
unwholefome,  it  would  almoft  inftantly  be- 
come fweet  and  wholefbme.  This  air  might 
be  brought  into  the  room  in  cafl<:s ;  or  a  labo- 
ratory might  be  conftrucled  for  generating  the 
air,  and  throwing  it  intg  the  room  as  fall  as  it 
fhould  be  produced.  This  pure  air  would  be 
fufiiciently  cheap  for  the  purpofe  of  many  af- 
fcmblies,  and  a  very  little  ingenuity  would  be- 
fufEcient  to  reduce  the  feheme  into  pra6lice. 

I  eafily  conjecflured,  that  inflammable  air 
would  explode  w^ith  more  violence,  and  a 
louder  report,  by  the  help  of  dephlogifticated 
than  of  common  air  ;  but  the  effect  far  ex- 
ceeded my  expeftations,  and  it  has  never  failed 
to  furprize  every  perfon  before  whom  I  have, 
made  the  experiment. 

Inflammable  air  requires  about  two-thirds  of 
common  air  to  make  it  explode  to  the  greateft 
advantage  ;  and  if  a  phial,  containing  about 
an  ounce-meafure  and  half,  be  ufed  for  the  ex- 
periment, the  explofion  with  common  air  will 
be  {q  fmall,  as  not  to  be  heard  farther  than, 
.  .  perhaps. 
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perhaps,  fifty  or  flxty  yards ;  but  with  little 
more  than  one-third  of  highly  dephlogifticated 
air,  and  the  reft  inflammable  air,  in  the  fame 
phial,  the  report  will  be  almoft  as  loud  as  that 
of  a  fmall  piftol  j  being,  to  judge  by  the  ear, 
not  lefs  than  forty  or  fifty  times  as  loud  as  with 
common  air. 

The  orifice  of  the  phial  in  which  this  experi- 
ment is  made,  fliould  not  much  exceed  a  quarter 
of  an  inch,  and  the  phial  fhould  be  a  very  ftrong 
one ;  otherwife  it  will  certainly  burft  with  the 
explofion.  The  reperculTion  is  very  confider- 
able  •,  and  the  heat  produced  by  the  explofion 
very  fenfible  to  the  hand  that  holds  it.  I  have 
fometimes  amufed  myfelf  with  carrying  in  my 
pocket,  phials  thus  charged  with  a  mixture  of 
dephlogifticated  and  inflammable  air,  confined 
either  with  common  corks  or  ground-ftopples, 
and  I  have  perceived  no  difference  in  the  ex- 
plofion, after  keeping  them  a  long  time,  and 
carrying  them  to  any  diftance. 

The  dipping  of  a  lighted  candle  into  ajar 
filled  with  dephlogifticated  air  is  alone  a  very 
beautiful  experiment.  The  ftrength  and  viva- 
city of  the  flame  is  ftriking,  and  the  heat  pro- 
duced by  the  flame,  in  thefe  circumftances  is 
is  alfo  remarkably  great.  But  this  experiment 
is  more  pleafmg,  when  the  air  is  only  little  more 
H  2  than 
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than  twice  as  good  as  common  air ;  for  wlien  it 
is  highly  dephlogifticated,  the  candle  burns  with 
a  crackling  noile,  as  if  it  was  full  of  fome  com- 
builiblc  matter. 

It  may  be  inferred,  from  the  very  great  ex- 
plofions  made  in  dephlogifticated  air,  that, 
were  it  poflible  to  fire  gunpowder  in  it,  lefs 
than  a  tenth  part  of  the  charge,  in  all  cafes, 
would  fuffice  ;  the  force  of  an  explofion  in  this 
kind  of  air,  far  exceeding  what  might  have 
been  expedled  from  the  purity  of  it,  as  fhewn 
in  other  kinds  of  trial.  But  I  do  not  fee  how 
it  is  poffible  to  make  this  application  of  it. 
I  lliould  not,  however,  think  it  difficult  to  con- 
fine gunpowder  in  bladders,  with  the  interflices 
of  the  grains  filled  with  this,  inftead  of  com- 
mon air ;  and  fuch  bladders  of  gunpowder 
might,  perhaps,  be  ufed  in  mines,  or  for  blow- 
ing up  rocks,   in  digging  for  metals,  &c. 

Nothing,  however,  would  be  eaficr  than  to 
augment  the  force  of  fire  to  a  prodigious  de- 
gree, by  blowing  it  with  dephlogifticated  air 
inftead  of  common  air.  This  I  have  tried, 
in  the  prefence  of  my  friend  Mr.  Magellan, 
by  filling  a  bladder  with  it,  and  puffing  it, 
through  a  fmall  glafs-tube,  upon  a  piece  of 
lighted  wood :  but  it  would  be  very  eafy  to 

fupply 
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fiipply  a  pair  of  bellows  v/ith  it  from  a  large 
refervoir. 

PofTibly  much  greater  things  might  be  ef- 
fedied  by  chymiils,  in  a  variety  of  refpeifts-, 
with  the  prodigious  heat  which  this  air  may  be 
the  means  of  affording  them.  I  had  no  fooner 
mentioned  the  difcovery  of  this  kind  of  air  to 
my  friend  Mr.  Michell,  than  this  ufe  of  it  oc- 
curred to  him.  He  obferved  that  pofllbly  pla- 
tina  might  be  melted  by  means  of  it. 

From  the  greater  ftrength  and  vivacity  of 
the  flame  of  a  candle,  in  this  pure  air,  it  may 
be  conjectured,  that  it  might  be  peculiarly  fa- 
lutary  to  the  lungs  in  certain  morbid  cafe?, 
when  the  common  air  would  not  be  fufficient 
to  carry  off  the  phlogiftic  putrid  effluvium  fafc 
enough.  But,  perhaps,  we  may  alfo  infer 
from  thefe  experiments,  that  though  pure  de- 
phlogifticated air  might  be  very  ufeful  as  a 
medicine^  it  might  not  be  fo  proper  for  us  in 
the  ufuai  healthy  ftate  of  the  body :  for,  as  a 
candle  burns  out  much  fafier  in  dephlogifti- 
cated than  in  common  air,  fo  we  might,  as 
may  be  faid,  live  cut  too  fnft^  and  the  animal 
powers  be  too  foon  exhaufted  in  this  pure  ki-nd 
of  air.  A  moralift,  at  leaft,  may  fay,  that 
the  air  which  nature  has  providcU  for  us  is  as 
good  as  we  deferve. 

H  3  My 
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My  reader  will  not  wonder,  that,  after  hav- 
ing afcertained  the  fuperior  goodnefs  of  de- 
phlogifticated  air  by  mice  living  in  it,  and  the 
other  tefts  above  mentioned,  I  fliould  have 
the  curiofity  to  tafte  it  myfelf.  I  have  gra- 
tified that  curiofity,  by  breathing  it,  drawing 
it  through  a  glafs-fyphon,  and,  by  this  means, 
I  reduced  a  large  jar  full  of  it  to  the  ftandard 
of  common  air.  The  feeling  of  it  to  my  lungs 
was  not  fenfibly  different  from  that  of  common 
air  •,  but  I  fancied  that  my  breaft  felt  peculi- 
arly light  and  eafy  for  feme  time  afterwards. 
"Who  can  tell  but  that,  in  time,  this  pure  air 
may  becom.e  a  fafhionable  article  in  luxury. 
Hitherto  only  two  mice  and  myfelf  have  had 
the  privilege  of  breathing  it. 

Whether  the  air  of  the  atmofphere  was,  in 
remote  times,  or  will  be  in  future  time,  better 
or  worfe  than  it  is  at  prefent,  is  a  curious  fpe- 
culat'on  •,  but  I  have  no  theory  to  enable  me  to 
throw  any  light  upon  it.  Philofophers,  in  fu- 
ture time,  may  eafily  determine,  by  comparing 
their  obfervations  with  mine,  whether  the  air 
in  general  preferves  the  very  fame  degree  of 
purity,  or  whether  it  becomes  more  or  lefs  fit 
for  refpiration  in  a  courfe  of  time  •,  and  alfo, 
whether  the  charigcs  to  which  it  may  be  fubjc6t 
are  equable^  or  otherwife ;  and  by  this  means 
may  acquire  data^  by  wliich  to  judge  both  of 

the 
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the  pafb  and  future  ilate  of  the  atmofphere. 
But  no  obfervations  of  this  kind  having  beea 
made,  in  former  times,  all  that  any  perfon  could 
now  advance  on  this  fubje^would  be  little  more 
than  random  conje6lure.  If  we  might  be  al- 
lowed to  form  any  ju4giTient  from  the  length 
of  human  life  in  different  ages,  which  feems 
to  be  the  only  datum  that  is  left  us  for  this  pur- 
pofe,  we  may  conclude  that,  in  general,  the 
air  of  the  atmofphere  has,  for  many  ages,  pre- 
ferved  the  fame  degree  of  purity.  This  datimi^ 
however,  is  by  no  means  fufficient  for  an  accur 
rate  folution  of  the  problem. 
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SECTION    V. 

Of  Air  procured  from  various  Suhjlances  by  Means 
of  Heat  only. 

I  have  obferved  already,  that,  in  my  former 
experiments,  I  had  not  the  ufe  of  a  burning  lens 
of  any  confiderable  force ;  and,  for  want  of 
it,  was  obliged  to  leave  many  of  the  experi- 
ments extremely  incomplete,  and  many  things 
not  even  attempted.  But  having,  foon  after 
my  late  publication,  provided  myfelf  with  a 
lens  of  fufficient  force  for  the  purpofe,  the 
firft  thing  I  did,  when  I  began  to  refume  my 
experiments,  was  to  make  ufe  of  it,  in  order 
to  fatisfy  myfelf  what  kind  of  air  certain  fub- 
fiances  would  yield  by  means  of  heat  only,  ei- 
ther in  vacuo,  or  when  confined  by  quickfilver ; 
and  it  has  been  feen  in  the  preceding  fe6lions, 
that  by  purfuing  this  method,  I  was  led  to  the 
difcovery  of  many  new  and  curious  fadts,  of 
fufficient  importance  to  be  confidered  fepa- 
rately,  and  at  lar=ge. 

In  this  fe6bion,  I  propofe  to  comprize  the 
reft  of  the  oblervations  that  occurred  to  me  in 

that 
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that  courfe  of  experiments,  intermixed  with 
thofe  which  I  made  in  expelling  air  from  the 
fame  fubftances,  in  a  gun-barrel ;  having  fome- 
times  made  ufe  of  one  of  the  methods,  and 
fometimes  of  the  other,  according  to  different 
circumftances  and  views, 

Thefe  experiments  were  begun  in  June, 
1774  i  and  one  of  the  firft  obfervations  that  I 
made  was,  that  inflammable  air  may  be  pro- 
cured from  feveral  metals  by  heat  only,  with- 
out any  acid,  which  was  not  my  opinion  at 
the  time  of  my  former  publications.  I  had 
rather  thought  that,  becaufe,  when  the  ma- 
rine acid  air  had  decompofed  fubftances  con- 
taining phlogifton  (as  brimftone,  charcoal,  &c.) 
a  quantity  of  inflammable  air  was  produced, 
the  acid  air  had  contributed  to  its  formation, 
and  had  entered  into  its  conftitution  ;  and  I 
had  therefore  inferred  univerfally,  that  inflam- 
mable air  confifts  of  acid  air  and  phlogifton. 
And  becaufe  inflammable  air  may  be  deprived 
of  its  inflammability,  and  from  being  highly 
noxious,  become  refpirable  by  agitation  in 
water,  I  had  farther  conjeftured,  that  the  air 
of  the  atmofphere  might  confift  of  the  union  of 
acid  air  and  phlogifton  •,  and  I  do  not  fee  how 
any  perfon  could  have  avoided  forming  fuch  a 
conjedure  from  fuch  premifes. 

Nor 
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Nor  indeed  am  I  now  abfolutely  certain,  that 
the  conclufion  was  wrong ;  for  the  chymical 
principles  are  fo  altered,  by  combination,  that 
many  of  them  are  known  to  exift  where  their 
prefence  is  leaft  of  all  fufpeded  :  unlefs,  how- 
ever, there  be  an  acid  in  metals,  I  do  not  fee 
how  my  former  opinion  can  be  maintained,  in 
confiftency  with  the  fads  that  will  appear  in 
this  fedtion,  viz.  that  inflammable  air  may  be 
procured  from  feveral  metals  confined  by  quick- 
filver,  with  heat  from  a  burning  lens,  without 
any  folution  of  the  metal  in  an  acid. 

It  is  evident,  however,  on  the  other  hand> 
that  inflammable  air  doth  not  confifl:  of  pure 
phlogiflion  ;  becaufe,  as  I  have  fliewn,  it  may 
be  intirely  deprived  of  its  inflammability;  and 
though  it  be  afterwards  diminifhed  in  bulk, 
yet  a  very  great  proportion  of  it  remains  •,  be- 
ing then  in  the  fame  ftate  with  the  air  in  which 
a  candle  has  burned  out,  but  fufliciently  pure 
for  refpiration.  The  quellion  is,  what  is  the 
hafis  of  inflammable  air^  or  what  is  the  chymical 
principle  to  which  the  phlogifton  is  united  in 
its  confbitution.  In  this  cafe  it  fliould  feem  to 
be  fome  new  mode  of  combination  with  the 
earth  of  the  metal.  The  fads,  however,  were 
as  follows. 

Having 
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Having  put  a  quantity  of  iron-clings,  care- 
fully forted  with  a  magnet,  into  one  of  the 
glafs-veffels,  fig.  a^  I  filled  the  reft  of  the  vef- 
fel  with  quickfilver ;  and  placing  it  inverted 
in  a  bafon  of  quickfilver,  I  threw  the  focus  of 
ihe  lens  upon  the  iron-filings,  and  prefently 
air  was  produced;  which,  being  examined, 
appeared  to  be  inflammable,  though  not  very 
ftrongly  fo.  It  refembled  inflammable  air  that 
had  been  wafhed  in  water  till  its  inflammabi- 
lity was  nearly  gone.  .  I  alfo  could  not  difl:in- 
guilh  the  colour  of  the  flame,  when  I  made 
the  explofion  in  the  ufi.ial  manner,  by  the  ap- 
proach of  a  candle.  After  the  operation,  the 
iron  from  which  the  air  had  been  extraded, 
had  an  exceedingly  ftrong  finell,  exadly  like 
that  of  very  ftrong  inflammable  air  procured 
from  metals  by  acids. 

In  the  fame  manner  I  got  air  from  the  filings 
cf  waUh-fprings,  which  are  made  of  the  beft 
fteel  ;  and  it  was  not  to  be  diftinguiflied  from 
the  inflammable  air  of  the  laft  experiment. 
Thefe  filings,  as  well  as  thole  of  iron,  I  had 
carefully  forted  with  a  magnet ;  fo  that  I  be- 
lieve there  was  no  foreign  matter  mixed  with 
them.  The  greateft  care,  however,  is  requi- 
fite  for  this  purpofe,  fince,  the  leaft  bit  of  wood, 
or  any  vegetable  or  animal  matter,  hardly  difco- 
coverable  by  the  eye,  will  yield  more  inflam- 
mable 
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mable  air,  than  a  confiderable  quantity  of  iron- 
filings. 

N.  B.  The  fpot  on  which  the  focus  of  the 
lens  was  thrown,  was  much  blacker  than  any- 
other  part  of  the  filings ;  and  during  the  ap- 
plication of  the  heat,  a  quantity  of  the  filings 
would  fonietimes  be  difperfed,  as  by  an  explo- 
fion  below  the  furface  of  them  ;  owing,  I  flip- 
pofe,  to  the  fudden  generation  of  air  from  fomc 
of  the  filings  that  lay  under  the  reft,  but  where 
the  heat  could  reach  them. 

Having  thus  got  air  from  iron,  I  proceeded 
to  make  fimilar  experiments  on  other  metals. 
But  as  all  the  other  metals  have  more  or  lefs 
affinity  with  quickfilver,  I  was  obliged  to  have 
recourfe  to  a  vacuum  \  but  being  pofTeffed  of 
Mr.  Smeaton's  air-pump,  I  could  depend  upon 
the  vacuum  being  very  exad  •,  fo  that  very  little 
common  air  could  be  mixed  with  the  air  pro- 
duced. That  the  filings  of  the  different  me- 
tals might  be  perfedtly  unmixed,  I  procured 
new  files,  quite  clean,  and  ufed  one  fide  of 
each  for  each  of  the  metals. 

With  this  apparatus,  I  threw  the  focus  of 
my  lens  upon  filings  of  zinc,  and  prefently  got 
from  them  air  which  was  very  ftrongly  inflam- 
mable.    Zinc  is  faid  to  contain  more  plogifton 

than 
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than  the  ether  metals,  and  the  difference  be- 
tween the  inflammable  air  from  zinc,  and  that 
which  I  got  from  iron,  was  very  ftriking. 

From  brafs-duft  I  got  inflammable  air  in  con- 
fiderable  plenty,  and  alfo  from  tin ;  but  this 
laft  was  very  flightly  inflammable.  I  could 
not  have  perceived  it  to  be  fo  at  all  but  by  dip- 
ping a  lighted  candle  into  a  veffei  full  of  it : 
whereas,  in  other  cafes,  I  made  the  trials  by 
prefenting  the  flame  of  a  candle  to  the  narrow 
mouth  of  a  phial  filled  with  the  air.  That 
brafs  fhould  yield  inflammable  air,  I  attribute 
to  the  zinc,  by  the  addition  of  which,  copper 
is  converted  into  brafs. 

Thus  all  the  metals  that  yield  inflammable 
air,  when  diflblved  in  acids,  give,  inflammable 
air  alfo  by  heat  only.  With  other  metals  I 
had  no  fuccefs. 

Regulus  of  Antimony,  heated  /;;  vacuol 
fmoked  very  much,  and  blackened  all  the  in* 
fide  of  my  receiver ;  but  the  air  that  I  got 
from  it  was  very  little  indeed,  and  extinguiflied 
a  candle. 

From  hifmuth,  and  nickel,  I  got  hardly  any 
air  at  all  •,  but  in  thefe  experiments  the  heat 
was  not  advantageoufly  applied,  and  the  bif- 

muth 
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muth  foon  melted  into  large  lumps,  on  whicfv 
my  lens  had  no  power. 

I  got  no  air  from  lead  or  copper.  By  throw- 
ing the  focus  of  the  lens  upon  the  former,  the 
receiver  was  filled  with  fumes  ;  but  the  heat 
was  by  no  means  fufficient  for  the  experiment 
with  copper. 

In  the  account  of  my  former  experiments, 
I  mentioned  one  that  puzzled  me  and  my 
friends  exceedingly.  It  was  that  the  air  which 
I  got  from  chalky  in  a  gun-barrel,  was  inflam- 
mable, and  burned  with  a  blue  flame.  I  then 
conje6tured,  that  this  property  came  from  the 
iron ;  and  the  experiments  that  I  made  with 
the  burning  lens  have  confirmed  that  conjec- 
ture. But  why  this  inflammable  air  fhould 
burn  with  a  blue  flame ^  I  was  long  at  a  lofs  to 
account  for  ;  fmce  inflammable  air  from  iron 
only,  does  not  burn  in  that  manner.  At  length 
it  occurred  to  me,  to  try  what  would  be  the 
effect  of  burning  inflammable  air  mixed  with 
fixed  air,  procured  from  calcareous  fubfliances 
by  acids ',  when  I  found  It  always  burned  with 
a  blue  flame.  This  fa61:  I  muft  have  feen, 
perhaps,  a  hundred  times,  in  a  long  courfe  of 
experiments,  on  the  mixture  of  fixed  and  in- 
flammable air,  made  when  I  was  very  young  in 
thefc  inquiries,  thinking  that,  together,  they 
2  might 
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might  be  common  air  :  but  for  want  of  at- 
tending to  the  colour  of  the  flame ^  as  not  being 
the  objeft  I  had  then  in  view,  I  have  been  fo 
much  puzzled  fmce.  I  am  ftill  at  a  lofs  to 
explain  the  reafon  of  this  effedl  of  the  mixture 
of  thefe  two  kinds  of  air. 

Fixed  air  is  readily  difcharged  from  chalk 
by  any  acid ;  but  it  is  a_  very  fmall  quantity 
only,  that  mere  heat  will  expel  from  it.  How- 
ever, from  iron-filings  and  chalk,  which  I 
mixed  together,  in  order  to  refemble  the  cir- 
cumftances  of  the  experiment  with  the  chalk  in 
the  gun-barrel,  I  got  air  in  great  plenty  ;  and 
this  was  exactly  of  the  fame  kind  with  that  which 
I  had  got  from  chalk  in  the  gun-barrel.  Very 
much  of  it  was  inflammable,  and  it  burned 
with  a  blue  flame.  In  a  fecond  experiment  of 
this  kind,  I  had  the  fame  refult. 

No  cah  of  any  metal  on  which  I  made  the 
experiment  yielded  inflammable  air,  but  all  of 
them  fixed  air,  and  generally  in  great  plenty. 
Rufl:  of  iron  gave  a  great  deal  of  air,  two-thirds 
of  which  was  fixed  air,  and  the  reft  was  not 
affefted  by  nitrous  air,  and  extinguiflied  a 
candle ;  fo  that  the  whole  produce  feemed  to 
be  fixed  air,  only  with  a  larger  refiduum  of  that 
part  which  is  not  mifcible  with  water  than 
ufual.     At  another  time,   however,  I  got  from 

the 
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the  mil  of  iron  fixed  air  that  v/as  very  pure, 
there  being  little  of  it  that  was  not  mifcible 
with  water.  It  is  poiTibie,  though  I  cannot 
pretend  to  recoiled;  the  circumftances  of  the 
experiment,  that  I  might  ufe  lefs  heat  in  the 
latter  cafe  than  in  the  former. 

N.  B.  That  part  of  the  ruft  on  which  the 
focus  of  the  lens  fell,   turned  very  black. 

I  obferved  in  a  former  fe6tion,  that  both 
the^r^j  calx  of  lead^  and  litharge^  yielded  fixed 
air,  and  that  a  great  quantity  of  fixed  air  is 
contained  in  red  lead,  and  in  other  preparations 
of  that  metal. 

I  got  a  little  air  by  means  of  the  burning 
lens  in  quickfilver,  from  cinnabar  prepared  with 
antimony  ;  but  not  enough  to  form  a  judgment 
of  the  quality  of  it.  From  common  vermil- 
licn  I  got  more  air,  viz.  about  forty  times  its 
ov/n  bulk,  and  it  was  all  fixed  air,  being  rea- 
dily ablbrbed  by  water.  This  fubftance,  like 
the  ruft  of  iron,  turned  black  in  the  focus  of 
the  lens,  ' 

The  metallic  falts,  if  they  gave  any  air  at 
all,  gave  fixed  air,  which  I  find  to  be  contained 
in  moft  faline  fubftances.     I  fhall  recite  a  few 

experiments 
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experiments  of  this  kind,   without  any  parti- 
cular regard  to  the  order  of  them. 

White  lead  yielded  air  in  great  plenty,  by 
the  heat  of  the  burning  lens,  and  it  was  all 
pure  fixed  a^r. 

I  could  get  no  air  whatever  ixomfugar  of 
lead^  or  from  nitre  of  lead.  The  former  melted 
into  a  liquid  fubftance ;  the  latter  changed  from 
white  to  a  dull  grey  colour,  and  broke  into 
powder,  with  a  crackling  noife. 

All  the  kinds  oi  copperas  gave  fixed  air.  I 
firft  tried  common  green  copperas  in  quickfilver. 
It  diflblved  into  a  great  quantity  of  water,  but 
the  air  produced  from  it  was  not  ^V  of  its  bulk. 
Half  of  this  air  was  readily  abforbed  by  water, 
and  the  remainder  was  too  fmall  to  be  exa- 
mined. I  repeated  the  experiment  on  calcined 
copperas,  both  in  a  gun-barrel,  and  likewife 
in  a  tall  glafs-veffel  filled  with  fand  ;  but  the 
produce,  in  all  the  cafes,  was  fixed  air.  Half 
an  ounce  of  calcined  copperas  yielded  near  a 
pint  of  air. 

When  I  had  extrafted  air  from  the  calx  of 

green  copperas  in  a  glafs-veflel,  I  put  the  fame 

materials  into  a  gun-barrel  \   but  ftill-I  extrac- 

I  ted 
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ted  nothing  from  them  befides  fixed  air,  mixed 
with  acid  air,  as  appeared  by  the  extremely 
fmall  bubbles  to  which  the  large  ones  were  pre- 
iently  reduced  in  pafling  through  water. 

When  I  made  the  experiment  on  Ike  vitriol^ 
which  confifts  of  oil  of  vitriol  and  copper,  in 
quickfilver,  the  refult  was  the  fame  as  with 
the  green  copperas,  except  that  much  lefs  wa- 
ter was  produced. 

White  vitriol^  which  confifts  of  oil  of  vitriol 
and  zinc,  gave  ten"  times  as  much  air  as  the  ether 
kinds.  Half  of  it  was  abforbed  by  water, 
and  a  candle  burned  in  the  remainder.  When 
I  extracted  air  from  calcined  white  copperas, 
in  a  glafs-vcffel,  befides  fixed  air,  I  got  fome 
that  diminilhed  common  air  a  little ;  but  I 
conjefture  that  this  nitrous  property  muft  have 
come  from  fome  ether  fubftance  that  was  ac- 
cidentally mixed  with  the  vitriol. 

Mercurial  nitre  gave  a  great  quantity  of  aiir 
in  quickfilver,  and  this  was  pure  nitrous  air ; 
but  poiTibly  the  nitrous  acid  being  let  loofc 
from  this  fubftance,  had  produced  the  nitrous 
air  by  diflblving  the  quickfilver. 

From  Roman  vitriol  revivified  hy  flour,  which 
^  had  of  Dr.  Higgins,  I  got  air,  half  of  which 

was 


hy  Means  of  Heat  Cfity.  '^115 

Was  fixed,  and  the  remainder  was  not  dimini-* 
ihed  by  nitrous  air. 

'  All  the  air  that  I  was  ever  able  to  get  from 
faline  fuhfiances  was  fixed  air.  I  began  with 
abim^  and  the  firll  experiment  that  I  made 
upon  this  fubftance  was  with  the  fun-beams,  in 
quickfilver  •,  when  I  got  from  it  a  little  air, 
which  appeared  to  be  fixed  air,  by  extinguiih- 
ihg  a  candle,  and  by  being  readily  abforbed 
by  water.  1  repeated  the  experiment  with  the 
fame  refult.  The  quantity  of  air  extracted 
from  a  piece  of  alum,  was  about  one-third  of 
its  bulk  •,  but  I  imagined  that  a  little,  though 
not  much,  more  might  have  been  extracted,  by 
a  longer  continuance  of  the  operation. 

I  obferved,  upon  this  occafion,  that  1  could 
-calcine  only  a  given  quantity  of  alum  in  a 
given  quantity  of  air  •,  and  that  when  this  was 
faturated,  I  could  only  keep  the  alum  in  a 
fluid  Hate  by  heat.  But  it  was  eafily  calcined 
in  vacuo  *,  and  as  the  receivers  in  which  the 
calcination  was  made  became  very  moift,  it  is 
pretty  evident  that  this  operation  is  performed 
by  the  mere  expuliion  of  the  water  which  en- 
ters into  the  compofition  of  this  fait ;  fo  that 
when  the  furrounding  air  can  take  no  more 
water,  that  calcination  can  proceed  no  farther. 
I  alfo  obferved,  upon  this  occafion,  that  whei> 
I  2  I  had 
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I.  had  calcined  a  quantity  of  alum  in  a  given 
quantity  of  common  air,  the  air  was  not  di- 
minifhed,  or  in  the  fmalleft  degree  injured  by 
the  operation. 

After  this,  I  endeavoured  to  get  air  from 
talcined  aluniy  with  a  burning  lens ;  and  I  did 
get  a  little :  but  I  made  no  other  obfervation 
upon  it,  than  that  it  was  not  diminilhed  by 
nitrous  air.  But  when  I  put  a  quantity  of  cal- 
cined alum  into  a  gun- barrel,  I  got  from  it  a 
confiderable  quantity  of  air,  part  of  which  was 
£xed  air,  precipitating  lime  in  lime-water,  and 
the  remainder  did  not  differ  from  the  refiduum 
of  fixed  air,  extinguifhing  a  candle,  and  nei- 
ther affeding  common  air,  nor  being  affefted 
by  nitrous  air. 

From  half  an  ounce  of  vitriolated  tartar^ 
in  a  gun-barrel,  I  got  about  i  4:  ounce-meafure 
of  air,  which  was  chiefly  fixed  air.  The  laft 
produce  diminilhed  common  air  a  little ;  but 
this  I  attribute  to  the  gun-barrel,  Jiot  having 
been  perfedtly  cleaned  from  the  materials  ufed 
in  a  former  experiment. 

Borax  was  only  melted  by  the  burning  lens  v 

but  calcined  borax  gave  a  little  air,  about  its 

owrt  bulk  •,   and  this  air  extinguifhed  a  candle,. 

^nd  was  not  diminilhed  by  nitrous  air  5  fo  that 

4  it 
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it  feems  to  be  the  fame  thing  with  the  refi- 
duum  of  fixed  air  :  and  this  is,  in  fadl,  much 
the  fame  thing,  if  not  quite  the  fame  thing, 
with  common  air  phlogifticated.  I  was  in- 
duced to  make  this  experiment,  in  confe- 
qucnce  of  that  which  I  had  made  on  fedative 
fait,  which  is  made  from  borax,  and  from  which, 
as  I  have  obferved,  I  had  extra6led  air,  about 
as  good  as  common  air  i  being  in  hopes  that 
this  experiment  would  throw  fome  light  upon 
the  other  ;  but  I  was  difappointed  in  that  ex- 
pedlation. 

Having  thrown  the  focus  of  the  burning 
lens  upon  a  piece  of  volatile  fal  ammoniac,  in 
quickfilver,  a  great  quantity  of  air  was  pre- 
fently  expelled  from  it  •,  but  upon  v/ithdraw- 
ing  the  heat,  a  great  part  of  it  foon  difap- 
peared,  leaving  the  fides  of  the  veflel  co- 
vered with  flender  cryflals,  exa(5lly  like  thofe 
which  are  produced  by  a  mixture  of  fixed  air, 
and  alkaline  air.  The  remainder  was  imbibed 
by  water,    being,   no  doubt,  fixed  air. 

Among  other  things,  I  threw  the  focus  of 
the  lens  upon  a  piece  of  fine  white  fugar,  in 
quickfilver.  It  was  readily  melted,  and  con- 
verted into  a  brown  fubft:ance,  yielding  about 
two-thirds  of  its  bulk  of  air,  one-third -of  which 
was  readily  abforbed  by  water,  and  the  re- 
I  3  mainder 
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rnainder  extinguifhed  a  candle.  I  repeated  the 
experiment  with  a  brownilh  powdered  fugar, 
with  the  fame  refult,  excepting  that  more  air 
was  generated  from  this  than  from  the  white 
fiigar,   in  proportion  to  their  bulks. 

From  common  fait ^  confined  by  quickfilver, 
I  got  no  air  at  alL 

There  has  been  a  good  deal  of  difference  of 
opinion  among  philofophers,  about  the  quality 
of  the  air  that  is  really  contained  in  chalk.  Dr. 
Black's  opinion  is,  that  it  is  properly  fixed  air  •, 
whereas  others  have  thought  that  the  acid  by 
which  the  air  is  diflodged  from  the  chalk,  re- 
ally enters  into  the  air  that  is  produced  in  the 
pirocefs,  and  accordingly,  that  the  fixed  air  pro- 
duced by  different  acids,  has  different  proper- 
ties. An  Italian  philofopher,  who  did  me  the 
honour  to  write  to  me  upon  the  fubjeft,  in^ 
forms  me,  that  he  has  difcovered  that  air  pro- 
duced from  chalk  by  heat,  is  of  a  different 
jmture  from  that  which  is  got  from  it  by  acids, 
and  particularly  that  the  former  will  not  make 
water  acidulous.  For  my  own  part,  I  muft 
aeknowledge  that  I  have  not  examined  this 
fubjeft  thoroughly,  and  have  been  fometimes 
inclining  to  one  opinion,  and  fometimes  to  an- 
other. Sometimes  I  have  thought  fixed  air  to  be 
W-.  original  acid^  and  therefore  one  uniform  inva^ 

riablq 
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liable  thing,  from  whatever  fubllance,  arid  in 
whatever  manner  procured.  At  other  times  I 
have  been  inclined  to  think,  that  its  acidity  is 
derived  f;-om  fome  other  acid,  efpecially  the 
nitrous,  for  reafons  that  may  appear  in  a  fub- 
fequent  fection. 

At  prefent,  I  cannot  fay  that  I  am  quite  de- 
cided about  this  queftion ;  but  that  I  am  much 
inclined  to  Dr.  Black's  opinion,  and  that  all 
my  experiments  on  chalk  are  in  favour  of  it. 
For  though  I  could  get  but  very  little  air 
from  pure  chalk,  either  in  quickfilver,  or  in 
vacuo,  it  was  always  fixed  air,  though  the  re- 
fiduum  was  fometimes  more  confiderable  than 
I  have  found  it  to  be  when  the  air  was  pro- 
duced by  the  folution  of  chalk  in  an  acid. 
Once,  however,  I  got  a  fmall  quantity  of  very 
pure  fixed  air  from  chalk,  by  heat,  in  quick- 
filver, almoft  as  much  of  it  being  abforbed  by 
water,  as  when  chalk  is  made  to  give  air  by- 
means  of  an  acid. 

It  is  remarkable,  however,  that  heat  is  able 
to  expel  but  very  little  air  from  chalk.  I  kept 
a  very  fmall  quantity  of  chalk  in  the  focus  of 
my  burning  lens,  which  I  have  obferved  to  be 
twelve  inches  in  diameter,  and  twenty  inches 
focal  dillance,  more  than  half  an  hour,  when 
the  fun  was  near  its  greateft  altitude,  on  the 
I  4  2.3d 
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23d  of  July ;  but  notwithftanding  this  long 
expofure  to  fo  intenfe  a  degree  pf  heat,  it  feem- 
ed  to  give  as  much  fixed  air  when  thrown  into 
a  veffel  of  water,  acidulated  with  oil  of  vitriol, 
as  an  equal  quantity  of  chalk  which  had  not 
been  expofed  to  any  heat  at  all.  Of  this,  how- 
ever, I  only  judged  by  the  vifible  effervefcence, 
and  did  not  make  any  attempt  to  meafure  the 
produce  of  air,  in  order  to  afcertain  the  effe6t 
oi  thefe  different  circumftances  with  accuracy. 
I  have  alfo  kept  chalk  more  than  a  quarter 
of  an  hour  in  the  ftrongeft  heat  of  a  fmith's 
forge,  in  a  crucible,  without  making  any  fen- 
fible  alteration  in  it.  But  I  believe  there  may 
be  great  differences  in  the  conftitution  of  dif- 
ferent fpecimens  of  chalk  in  this  refped:. 

When  I  put  a  quantity  of  chalk  into  a  tall 
glafs-veffel,  fig.  d,  and  kept  it  in  as  ftrong  a 
fand-heat  as  it  would  bear,  without  melting, 
I  extraded  from  it  about  its  own  bulk  of  air ; 
and  examining  the  ftate  of  it  at  fmall  intervals, 
I  always  found  that  it  precipitated  lime  in  lime- 
water,  and  that  the  refiduum,  not  abforbed  by 
water,  extinguilhed  a  candle  :  and  thefe  feem 
to  be  the  fureft  tells  of  genuine  fixed  air. 
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SECTION    VII. 

Of  Air  'produced  hy  the  Solution  of  Vegetable  Suh^ 
fiances  in  Spirit  of  Nitre. 


The  experiments,  of  which  an  account  will 
be  given  in  this  feftion,  were  occafioncd,  in 
part,  by  a  hint  thrown  out  by  Mr.  Bewley,  in 
his  letter  to  me,  printed  in  the  Appendix  of 
my  former  volume  ;  but  more  immediately  by 
an  experiment  which  I  had  the  pleafure  to  fee 
jit  Paris,  in  the  laboratory  of  Mr.  Lavoifier, 
my  excellent  fellow-labourer  in  thefe  inquiries, 
and  to  whom,  in  a  variety  of  refpe6ts,  the  phi- 
Jofophical  part  of  the  world  has  very  great 
obligations. 


^G" 


Mr.  Bewley  fays,  that  he  had  always  taken 
it  for  granted,  that  the  elaftic  fluid,  generated 
in  the  preparation  of  nitrous  ether,  without 
diftillation,  was  fixed  air  -,  but  that,  after  fee^ 
ing  the  firft  publication  of  my  papers  relating 
to  air,  he  found,  on  examination,  that  it  had 
the  general  properties  of  nitrous  air. 

At  Mr.  Lavoifier's  I  faw,  with  great  aftonifh- 
fluent,  the  rapid  production  of,  I  believe,  near 

two 


122       Of  Air  produced  hy  the  Solution  of 

two  gallons  of  air,  from  a  mixture  of  fpirit  of 
nitre  and  fpix-it  of  wine,  heated  with  a  pan  of 
charcoal ;  and  when  that  ingenious  philofopher 
drew  this  air  out  of  the  receiver  with  a  pump, 
and  applied  the  flame  of  a  candle  to  the  orifice 
of  the  tube  through  which  it  was  conveyed  into 
the  open  air,  it  burned  with  a  blue  flame ;  and 
working  the  pump  pretty  vigoroufly,  he  made 
the  ftreams  of  blue  flame  extend  to  a  confider- 
able  diilance.  Being  very  much  fl;ruck  with  this 
experiment,  I  deterjnined  with  myfelf  to  give 
particular  attention  to  it,  and  purfue  it  after 
my  return  to  England. 

My  firft  idea  was,  that  this  air  was  the  fame 
thing  with  the  phlogifticated  nitrous  air  which 
I  had  procured  by  expofmg  pieces  of  iron  or 
3iver  of  fulphur  to  nitrous  air,  the  phlogifton 
of  the  fpirit  of  wine  being,  as  I  fuppofed,  difen- 
gaged  in  this  procefs,  and  becoming  incorpo- 
rated with  the  nitrous  acid,  in  the  fame  manner 
as  the  phlogifton  that  is  difengaged  from  the 
two  other  fubftances.  Thefe  kinds  of  air  dif- 
fered, however,  in  one  refpedl,  viz.  that  in 
Mr.  Lavoifier's  experiment  the  flame  was  blue, 
whereas  it  had  not  been  fo  in  mine.  But  this 
feemed  to  be  a  circumftance  of  no  great  im- 
portance. Indeed  I  cannot  fay,  that,  at  pre- 
fent,  my  idea  of  the  thing  is  materially  diffe- 
rent from  v/hat  it  v/as  then  5  but  I  have  fmce 

had. 
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had  an  opportunity,  by  purfuing  this  expe- 
riment, of  obferving  a  much  greater  variety 
in  the  produ6lion  of  air  by  means  of  fpirit  of 
nitre,    than  I  had  any  expectation  of  before. 

In  reality,  the  nitrous  acid  is  of  a  moft  won- 
derful nature  •,  the  more  I  confider  it,  the  more 
it  excites  rny  admiration,  and  the  more  unfa- 
thomable the  fubjecb  appears.  I  flatter  my- 
felf  that  i  have  made  confiderable  advances  in 
the  inveiligation  of  it  myfelf,  and  I  ftill  pro- 
-pofe  to  keep  it  in  view  •,  but  I  own  I  have  very 
little  expectation  of  feeing  it  thoroughly  ex- 
plained, 

In  general,  it  will  be  feen,  in  the  courfe  of 
thefc  experiments,  that  if  the  fubftance  with 
which  the  fpirit  of  nitre  is  heated,  whether  it 
be  fluid  or  folid,  contain  much  phlogifton,  the 
air  produced  from  it  will  be  nitrous  air,  or 
poflfefs  the  property  of  diminifhing  common 
air  to  a  confiderable  degree  •,  and,  in  almoft 
all  cafes,  with  a  mixture  of  fixed  air.  If  the 
fubftance  be  inflammable,  the  air  will  gene- 
rally be  fuch  as  I  faw  at  Mr.  Lavoifier's,  burn- 
ing with  a  blue  flame.  But  this  inflamma- 
bility is  of  a  very  delicate  kind,  refembling 
that  of  phlogifticated  nitrous  air  :  for  the  air 
^s  eafily  deprived  of  it  by  warning  in  water. 

A  particular 
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A  particular  account  of  thefe  experiments, 
though  very  remarkable  in  their  nature,  will, 
I  forefee,  be  thought  tedious  by  fome  perfons ; 
but  the  detail  will  be  very  ufeful  to  fuch  as 
fhall  chufe  to  profecute  them ;  efpecially  on 
account  of  the  precautions  that  I  fhall  occafion- 
ally  give  to  prevent  difagreeable  accidents  from 
them.  Every  chymift  knows  how  hazardous 
it  is  to  mix  fpirit  of  nitre  vvith  inflammable 
matters ;  and  I  was  not  unapprized  of  it,  hav- 
ing feen  the  efFe6t  in  a  courfe  q^  chymical  lec- 
tures many  years  ago.  But,  being  obliged  to 
make  thefe  mixtures  in  a  very  different  manner, 
the  elfedl  could  not  be  obviated  without  a  va- 
riety of  precautions,  which  experience  only 
taught  me. 

Beginning  with  fpirit  of  wine,  in  imitation 
of  the  experiment  which  I  had  feen  at  Mr.  La- 
voifier's,  I  made  the  mixture  with  the  fpirit  of 
nitre,  in  the  manner  direded  in  the  procefs  for 
makmg  nitrous  ether;  putting  about  one- 
third  of  fpirit  of  nitre,  to  two-thirds  of  fpirit 
of  wine,  in  fuch  phial  as  e,  vol.  I.  plate  I. ; 
mixing  them  very  gradually.  Heating  this 
mixture  with  the  flame  of  a  candle,  I  received 
the  air  in  water ;  and  when  I  had  procured  a 
confiderable  quantity  of  it,  I  examined  it,  and 
found  it  to  burn  with  a  gentle  blue,  or  green- 
illi  flame,  nearly  the  fame,  as  well  as  I  could 

recollect. 
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recoiled,  with  that  which  I  had  feen  at  Mr. 
Lavoifier's ;  fo  that  I  had  no  doubt  but  that 
my  procefs,  though  fomewhat  different  from 
his,  had  anfwered  perfedly  well. 

Confidering  this  flame  with  attention,  I 
thought  it  very  much  refembled  that  which  is 
produced  by  a  mixture  of  about  one-third  in- 
flammable air,  and  two-thirds  nitrous  air  •,  and 
concluded,  that  it  was  probably  compofed  of 
them  both ;  the  nitrous  acid  forming  nitrous 
air,  by  feizing  upon  the  phlogifton  of  the  fpi- 
rit  of  wine  ;  and  there  being  a  redundancy 
of  inflammable  matter,  fufiicient  to  render 
the  air  partially  inflammable. 

In  the  direftions  to  make  nitrous  ether,  I 
was  cautioned  to  pour  the  fpirit  of  nitre  upon 
the  fpirit  of  wine,  and  by  no  means  to  pour 
the  fpirit  of  wine  upon  the  fpirit  of  nitre.  But 
though  this  method  of  mixing  thefe  liquids 
may  not  anfwer  the  purpofe  of  making  nitrous 
ether,  it  anfwered  very  well  for  the  produc- 
tion of  air,  and  was  a  very  ufeful  variety  in 
the  procefs.  It  is  neceffary,  however,  that  the 
unexperienced  operator  Ihould  be  upon  his 
guard  in  thefe  experiments. 

The  fpirit  of  nitre  fhould  be  much  diluted, 
and  the  quantity  of  any  liquid  inflammable 

matter 
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matter  fhoiild  be  very  fmall,  juft  fufficient 
to  cover  the  furface  of  it :  otlierwife,  though 
the  mixture  may  exhibit  no  alarming  appear- 
ance at  firfl,  it  will,  in  a  little  time,  become 
very  black,  beginning  at  the  furface ;  the 
phial  will  then  be  filled  with  red  fumes,  the 
air  will  be  generated  in  a  prodigious  tor-- 
rent,  and,  unlefs  the  tube  through  which 
it  is  tranfinitted  be  fufficiently  wide,  and  the 
vefTel  in  which  the  mixture  is  made  be  very 
flrong,  the  whole  will  be  exploded  with  great 
violence.  Of  this  I  have  feen  but  too  many 
inftances  ;  and  fometimes  when  I  had  thought 
that  my  exDerience  had  taught  me  fufficient 
precaution.  Befides,  all  oily  matters  become 
extremely  vifcid,  by  mixing  with  fpirit  of 
nitre ;  and  this  vifcid  matter  getting  into  the 
tube,  flops  it  up,  and  much  increafes  the  ha- 
zard of  an  explofion.  But  to  recur  to  the  ex* 
periments. 

Flaving  poured  a  very  little  fpirit  of  wine 
upon  a  quantity  of  diluted  fpirit  of  nitre  in  a 
glafs-phial,  with  a  ground  flopple  and  tube, 
a  great  quantity  of  air  was  prefently  produced. 
When  a  candle  was  dipped  into  this  air,  it 
was  extinguifhed  ;  but  in  going  out  was  fur- 
rounded  with  a  flight  blue  or  green  flame,  but 
hardly  m^ore  than  is  perceived  in  nitrous  air. 
Almofl  one-half  of  this  produce  of  air  was  rea- 
2  dily 
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dily  abforbed  by  water,  and  precipitated  lime 
in  lime-water ;  and  I  doubt  not  but  that,  in 
the  fubfequent  experiments,  as  well  as  in  this, 
a  great  proportion  of  the  air  produced  in  this 
manner  was  fixed  air.  The  remainder  was 
nitrous,  almoll  as  flrong  as  any. 

Upon    air  produced  in  this   manner  from 
cil  of  turpentine^  I  happened  to  make  a  few 
more  experiments,  fome   of  which  are  not  a 
little  remarkable.     When  I  ufed  the  ftrongeil 
fpirit  of  nitre  in  this  procefs,  it  was  very  dlf- 
ticult  to  get  mAich  air,  on  account  of  the  fud- 
dennefs  of  the  effervefcence  •,  but  a  great  quan- 
tity of  air  is  eafily  produced  by  diluting  the 
fmoking  fpirit  of  nitre  with  an  equal  quantity 
of  water.    At  one  time,  however,  when  I  had 
heated  this  mixture  pretty  much,   and  it  had 
yielded  a  great  deal  of  air,  though  I  v/ithdrew 
the  candle,   the  air  contijiued  to  be  produced 
fafter  and  fafter  fcr  about  a  minute.     It  then 
came  quite  in  a  torrent  •,   all  the  oil  of  turpen- 
tine was  thrown  out  of  the_  phial,  and  the  fpi- 
rit of  nitre  only  left  in  it.     This  is  likewife  the 
cafe  with  other  ftmilar  mixtures ;  fo  that  when 
it  is  neceflary  to  apply  heat,  it  fhould  be  done 
very  gradually  and    cautioully,    and   the  air 
lliould  never  be  generated  very  fait,  unlels  the 
purpofe  of  the  experiment  require  it,   and  the 
operator  be  upon  his  guard  accordingly. 

When 
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When  I  received  this  air  in  water,  it  €xtin* 
guifhed  a  candle,  and  did  not  diminilh  common 
air.  "When  received  in  quickfilver,  it  ftill  ex^ 
tinguifhed  a  candle ;  but  as  it  went  out  the 
third  or  fourth  time,  it  was  furrouuded  with 
a  bluiih  flame,  as  large  as  that  of  the  candle. 
And  happening,  at  one  time,  to  apply  more 
heat  than  I  intended  when  the  air  was  received 
in  water  (and  in  confequence  of  it,  the  air  was 
produced  very  fuddenly)  I  examined  it  im- 
mediately, and  a  candle  burned  in  it  with  an 
enlarged  flame,  though  not  remarkably  fo.  It 
Ihows,  however,  that  in  this  procefs  alfo,  as 
well  as  in  the  procefs  for  making  phlogifti- 
cated  nitrous  air,  the  property  of  its  admitting 
a  candle  to  burn  with  an  enlarged  flame  de- 
pends, in  a  great  meafure,  upon  the  time  at 
which  the  experiment  is  tried  after  the  air  is 
produced,  and  upon  other  delicate  circum- 
llances. 

A  quantity  of  this  air,  received  in  water, 
was  about  half-abforbed  in  one  night.-  By  agi- 
tation it  appeared  to  be  abforbed  not  fo  readily 
as  fixed  air,  nor  with  fo  much  difficulty  as 
nitrous  air,  but  in  a  medium  between  both. 
"When  this  air  v/as  reduced  to  about  one-eighth 
of  its  original  bulk,  it  was  diminiflied  by  ni- 
trous air.  But  this  is  the  cafe  with  all  the 
kinds  of  air  that  will  bear  the  experiment,  and 

even 
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even  with  nitrous  air  itfelf,  as  I  have  obf^rved 
in  my  former  publication. 

At  the  time  that  I  made  the  preceding  expe- 
riments with  oil  of  turpentine,  I  had  no  lime- 
water  at  hand  ;  and  therefore  only  judged  that 
part  of  the  produce  was  fixed  air,  by  the  man- 
ner in  which  it  was  abforbed  by  water.     But, 
lefs  certain  as  this  teft  is,  a  perfon  much  ufed 
to  experiments  of  this  kind,  will  be  able  to  ap- 
ply it  with  fufficient  certainty  in  moft  cafes. 
However,    repeating  this  experiment,  when  I 
had  procured   the  glafs-phiais  with  ground- 
Hopples  and  tubes,    I  found  that  the  greatell 
part    of   this    air    was   unqueftionably    fixed 
air,  precipitating  lime  in  lime-water,   as  much 
as  any  fixed  air  whatever,  and  that  the  remain- 
der was  ftrongly  nitrous.     Attempting  at  this 
time  alfo,  to  receive  the  air  in  quickfilver,  a 
good  deal  of  the  vapour  of  the  fpirit  of  nitre 
came  over  \    and,  dilTolving  the   quickfilver, 
made   the  produce  of  air  almoil  wholly  ni- 
trous. 

I  obferved,  at  one  time,  when  I  had  pro- 
duced this  air  in  a  phial  with  a  ground-ftopple, 
that  after  the  firft  part  of  the  procefs,  in  which 
no  heat  was  applied,  the  water  rufhed  back 
into  the  phial.  Upon  this  I  applied  the  flame 
of  a  candle  to  the  diluted  mixture,  and  getting 
K  a  fecond 
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a  fecond  produce  of  air,  examined  them  both 
feparately.  Both  of  them  contained  a  great 
proportion  of  fixed  air,  precipitating  lime  in 
lime-water  very  much  ;  and  when  the  fixed  air 
was  waflied  out  of  them,  they  both  diminilhed 
common  air,  but  the  latter  more  than  the  for- 
ifler.  Two  meafures  of  common  air,  and  one 
of  this,  occupied  the  fpace  of  little  more  than 
two  meafures. 

In  order  to  judge  how  far  an  add  prevailed 
in  this  air  from  fpirit  of  nitre,  and  oil  of  tur- 
pentine, I  put  alkaline  air  to  it  •,  when  in- 
ilantly  a  white  cloud  was  produced,  which  rofe 
to  the  top  of  the  veflel ;  but  it  was  by  no  means 
fo  denfe  as  that  which  is  produced  by  mixing 
alkaline  air  with  any  of  the  acid  airs ;  nor  did 
the  whole  quantity  of  air  difappear,  but  only 
half  of  it.  However,  all  the  infide  of  the  tube 
was  covered  with  a  faline  fubftance,  which  I 
did  not  examine,  but  fuppofed  it  to  have  been 
the  nitrous  ammoniac.  Having  the  curiofity 
to  dip  the  flame  of  a  candle,  which  happened 
to  be  at  hand,  into  the  air  that  remained  of 
this  mixture,  it  appeared  to  be  fo  far  inflam- 
mable, as  even  to  make  a  conflderable  explo- 
lion  -,  but  not  quite  fo  great  a  one  as  I  have 
obferved  to  have  been  made  by  a  quantity  of 
phlogifl:icated  nitrous  air,   vol.  I.  p.  217. 

Repeating 
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Repeating  this  experiment  fome  time  after- 
wards, about  one-fourth  of  the  mixture  of  this 
air,  and  alkaline  air,  difappeared  upon  their 
being  put  together.  Half  of  the  remainder 
was  abforbed  by  water  ;  and  in  this  fecond  re- 
mainder, which,  by  its  rednefs,  on  being  ex- 
pofed  to  common  air,  appeared  to  be  confider- 
ably  nitrous :  a  candle  burned  with  a  beauti- 
fully enlarged  flame. 

In  thefe  cafes  the  alkaline  air  muil  have  fup- 
plied  the  phlogifton,  v/hich  the  iron  and  liver 
of  fulphur  had  before  fupplied  to  nitrous  air ; 
in  confequence  of  which  it  admitted  a  candle 
to  burn  in  it  in  the  fame  manner ;  for  neither 
of  the  component  parts  of  this  air,  viz.  the 
fixed  or  the  nitrous,  are  either  feparately,  or 
together,  inflammable.  It  is  fomething  re- 
markable, however,  that  when  I  mixed  equal 
quantities  of  nitrous  and  alkaline  air,  and  exa-  • 
mined  the  mixture  immediately,  the  nitrous 
air  feemed  not  to  have  been  at  all  afi'edted  by 
the  alkaline  air.  It  was  not  in  the  fmallefl: 
degree  inflammable.  I  had  imagined  that  al- 
kaline air  might,  in  this  manner  alfo,  have 
phlogift:icated  the  nitrous  air ;  but  it  feem^ 
that  w^hen  it  is  fo  applied,  it  has  no  fuch  ef- 
fed. 

K  2  Air 
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' .  Air  produced  from  all  the  effential  oils  by  fpi- 
rit  of  nitre,  has,  I  believe,  the  fame  proper- 
ties as  that  which  is  produced  from  oil  of  tur- 
pentine. I  tried  another,  but  I  forget  which,  ^ 
in  a  phial  with  a  gfound-ftopple,  and  the  air 
produced  from  it  precipitated  lime  in  lime- 
water,  extinguifhed  a  candle,  and  diminillied 
common  air  a  little. 

Etherj  both  vitriolic  and  nitrous,  heated  in 
fpirit  of  nitre,  yields  the  fame  kind  of  air  as 
the  effential  oils,  or  fpirit  of  wine,  viz.  partly 
fixed  air,  and  partly  phlogifticated  nitrous  air. 
Equal  caution  is  alfo  neceffary  in  condufbing 
this  procefs  j  for  the  phenomena  attending  it 
are  the  fame  that  I  defcribed  in  the  beginning 
of  this  feftion,  and  in  the  higheft  degree.  I 
would  therefore  recommend  the  ufmg  of  a  very 
fmall  quantity  of  the  ether,  and  putting  it  up- 
on the  fpirit  of  nitre. 

At  firfl:,  however,  in  imitation  of  the  pro- 
cefs for  making  nitrous  ether,  I  poured  the 
fpirit  of  nitre  upon  the  ether,  as  I  had  done  at 
firft  alfo  with  fpirit  of  wine  -,  and,  heating  the 
mixture,  received  the  air,  which  it  yielded  in 
orcat  plenty,  in  quickfilver.  This  air  made 
no  cloud  with  the  mixture  of  alkaline  air  -,  it 
burned  exadtly  like  the  vapour  oi^^ether  itfelf ; 
and  when  part  of  the  mixture  had  boiled  over, 
4  .  ^  it 
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it  quickly  abforbed  the  air  that  had  been  ge-. 
nerated. 

Seeing  fufficient  reafon  to  difapprove  of  this 
procefs,  I  had  recourfe  to  the  other,  and  found 
that  when  I  ufed  a  very  diluted  fpirit  of  nitre, 
and  but  little  eiher,  the  experiment  was  much 
more  manageable,  and  the  air  was  produced 
in  fufEcient  plenty.  This  air  was  readily  ab- 
forbed by  water  v  and  upon  putting  alkaline 
air  to  it,  a  very  flight  cloud  rofe  to  the  top  of 
the  ve0el ;  but  there  was  no  fenfible  diminu-' 
tion  of  the  quantity  of  air  occafioned  by  it.' 
When  a  candle  was  dipped  into  this  air,  it  was 
extinguifhed  many  times,  but  always  with  a, 
beautiful  bluifh  flame,  much  larger  than  the" 
natural  flame  of  the  candle.  Towards  the  clofe 
of  the  experiment,  the  air  in  the  inflde  of  the- 
veflTel  became  red  \  a  certain  flgn  of  its  being 
confiderably  nitrous.  On  repeating  this  expe- 
riment, when  I  had  procured  the  phials  with 
the  ground-fliopples  and  tubes,  I  had  the  mofl: 
fatisfadlory  proof,  that  part  of  this  produce  of 
air  was  flxed  air,  by  its  precipitating  lime  in 
lime-water  •,  and  that  the  remainder  was  nitrous^ 
almofl:  as  fl:rong  as  any,  by  its  power  of  dimi- 
niihino;  common  air. 

The  refult  of  the  experiment  with  nitrous 

et^er  was,  in  all  refpeds,  the  very  fame  as  that 

K  3  ©f 
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of  this  with  vitriolic  ether.  I  made  the  expe- 
riment, becaufe  it  might  have  been  expeded 
that  there  would  have  been  fome  difference  in 
the  refult,  as  the  nitrous  ether  is  the  produce 
of  fpirit  of  nitre,  with  which  it  was  i^ow  mixed. 

Spirit  of  nitre,  heated  with  olive-oil^  yields 
the  fame  kind  of  air  with  that  which  is  pro- 
duced from  effential  oils,  &c.  but  the  procefs 
is  exceedingly  troublefome,  owing  to  the  te- 
nacity of  the  oil-,  and  it  is  not  much  more 
manageable,  when  but  a  very  little  of  the  oil 
is  put  to  a  large  quantity  of  the  diluted  fpirit 
of  nitre.  The  air  which  I  got  in  this  manner 
precipitated  lime  in  limp-water. 

With  very  great  difficulty  I  got,  in  a  phial 
with  a  ground-ftopple,  a  very  fmall  quantity 
of  air  from  fpirit  of  nitre  and  tallow^  the  water 
rufhing  into  the  veffel  after  every  gufh  of  air. 
It  precipitated  lime  in  lime-water. 

The  refult  of  the  experiment  with  hees-wax^ 
was  the  very  fame  with  that  with  tallow.  Put- 
tihg  a  fmall  piece  of  bees-wax  upon  a  quantity 
of  pretty  ftrong  fpirit  of  nitre,  I  got  air  which 
made  lime-water  turbid ;  but  not  enough  to 
afcertain  its  other  properties.  This  procefs 
was  equally  difficult  with  the  preceding,   on 

account 
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account  of  the  water  rufliing  into  the  phial  af- 
t^r  every  gufh  oi'  air. 

I  had  the  curiofity  to  endeavour  to  procure 
air  from  fome  of  the  gums^  &c.  by  this  pro-^ 
cefs,  and  found  the  refult  to  be,  in  the  niain,  the 
fame  widi  ihst  ot  the  preceding  experiments. 

Gum-arabic  eafily  dilTolves  in  the  nitrous 
acid  ;  and  as  it  diHolves,  a  great  quantity  of 
air  is  produced,  making  a  beautiful  appear- 
ance; but  when  the  acid  is  nearly  faturated, 
it  becomes  vifcid,  and  the  vefTel  gets  full  of 
froth.  Part  of  this  air  was  fixed,  precipitat- 
ing lime  in  lime-water,  and  being  readily  ab^ 
forbed  by  water.  The  remainder  was  nitrous, 
almofl:  as  ftrong  as  any, 

The  refult  was  the  fame  with  gwn-copal^  ex- 
cepting that  this  fubftance  did  not  fmk  in  the 
fpirit  of  nitre,   as  the  gum-arabic  had  done. 

Camphor^  with  diluted  fpirit  of  nitre,  yielded 
very  flrong  nitrous  air  ;  but  required  a  confi- 
derable  degree  of  heat.  A  good  deal  of  the 
camphor,  which  had  been  fluid,  and  had  fwum 
on  the  furface  of  the  fpirit  of  nitre,  came  over, 
^nd  refumed  its  natural  appearance  in  water. 
I  did  not  try  whether  any  part  of  this  produce 
W^  fij^ed  air. 

K  4  J  got 
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I  'got.  fome  air  by  fpirit  of  nitre  from  amber, 
which  precipitated  lime  in  lime-water  •,  but  the 
quantity  was  too  fmall  to  be  examined  any  far- 
ther. Afterwards  I  got  a  larger  quantity  from 
a  greater  number  of  fmall  pieces  of  amber, 
heated  in  a  weak  fpirit  of  nitre,  contained  in 
a  phial  with  a  ground-ftopple.  About  one- 
third  of  this  produce  was  fixed  air,  precipitat- 
ing lime  in  lime-water,  and  being  readily  ab- 
forbed  by  water.  In  the  remainder  a  candle 
burned  with  an  enlarged  greenifh  flame.  It  alfo 
diminifhed  common  air  -,  fo  that  two  meafures 
of  common  air,  and  one  of  this,  occupied  the 
fpace   of  2  ^  meafures, 

N.  B.  Moft  of  the  pieces  of  amber  ufed  In  this 
experiment  were  turned  black  quite  through, 
the  reft  continuing  of  their  natural  colour. 

It  happened,  in  the  courfe  of  thefe  experi- 
ments, that  a  bit  of  fealing-wax  got  into  the 
phial,  and  I  obferved  air  to  ifTue  from  it  very 
copioufly.  Upon  this,  I  put  a  piece  of  feallng- 
wax  into  the  phial,  with  fpirit  of  nitre,  and 
received  the  air  at  different  times.  That  which 
came  over  firft  was,  in  the  higheft  degree,  ni- 
trous ;  but  when,  with  the  application  of  more 
heat,  I  caufed  a  copious  produftion  of  a  very 
turbid  kind  of  air  (which  however,  prefentiy 
became  tranfparent)  it  hardly  afFedled  common 

air 
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air  at  all.  It  was  then  pretty  readily  abforbed 
by  water  -,  and  though  at  firft  it  extinguiflied 
a  candle,  yet  when  it  had  been  wailied  in  wa- 
ter, a  candle  burned  in  it  with  a  blue  flame. 
Indeed  when  the  candle  was  extinguifhed  in 
it,  it  went  out  with  that  kind  of  blue  flame. 
The  courfe  of  this  experiment  will  be  found 
to  be  analogous  to  that  with  other  hard  fub- 
fiances  containing  phlogifton,  which  I  fhall  now 
recite,  though  many  of  them  were  made  before 
this. 

Having  found  that  charcoal  would  diflblve 
in  oil  of  vitriol,  and  thereby  yield  a  vitriolic 
acid  air,  I  had  the  curiofity  to  try  what  would 
be  the  effeft  of  an  attempt  to  dilTolve  this  fub- 
ftance  in  fpirit  of  nitre.  This  was  when  I  had 
made  but  little  progrefs  in  the  preceding  expe* 
riments  with  oily  and  gummy  fubfliances,  and 
I  had  no  expectation  of  the  refult.  I  began 
with  taking  the  produce  in  quickfilver,  as  I 
had  done  with  that  from  the  vitriolic  acid  ;  but 
all  that  came  over  in  this  manner,  was  the  ni- 
trous acid  vapour,  which,  feizing  upon  the 
quickfilver,  produced  nitrous  air. 

After  this,  I  received  the  produce  in  water, 
and  found  it  to  be  genuine  nitrous  air,  almoft 
as  ftrong  as  any  that  is  produced  from  metals. 
At  that  time  I  was  much  furprized  at  this  re- 
fult. 
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fult,  having  imagined  that  Ritrous  air  eeuld 
not  be  procured  but  by  the  folution  of  metals 
in  rpirit  of  nitre ;  and  I  confidered  this  as  an- 
other property  in  which  metals  and  charcoal 
refem.bie  each  other-,  befides  thofe  which  I 
had  noted  before,  and  an  account  of  which 
may  be  ictn  m  a  p^per  formerly  printed  in  the 
Philofophical  Tranla6lions,  and  which  I  fliall 
infert  in  this  volume.  But  prefently  after  this 
I  got  nitrous  air  equally  ftrong  from  other  hard 
fubftances,  fuch  as  dry  wood  of  various  kinds, 
&c. ;  but  in  thefc  procelTes,  the  quality  of 
the  air  alifFers  exceedingly,  according  to  the 
degree  of  heat  applied,  and  other  circumftances  : 
and  I  think  the  fubjed:  deferves  a  farther  in-^ 
veftigation.  To  promote  this,  I  fhall  recite 
the  principal  f^6ls  of  this  kind  that  have  occur-? 
red  to  my  obferv^tion, 

Having  poured  about  a  quarter  of  an  ounee- 
meafure  of  fmoking  fpirit  of  nitre,  mixed  with 
an  equal  quantity  of  water,  upon  (ome  pounded 
charcoal,  and  having  applied  to  it  the  'flame  of 
a  candle,  I  colleded  3,  large  jar  full  of  air,  in 
all  twenty-eight  ounce-meafures.  When  about 
half  of  this  quantity  of  air  was  produced,  it 
was  impoflible  to  apply  any  more  heat,  but 
the  fpirit  of  nitre  would  come  over ,  which 
it  did,  tinged  with  a  deep  black.  When  all 
the  liquor  was  come  over,  ftill  one-fourth  part 

of 


Vegetable  Suhjlances  in  Sphit  q/  Nitre.     139 

o(  the  air  was  produced  with  the  application 
pf  a  ftrong  heat.  The  air  of  this  whole  pro- 
duce, v/hich  was  not  taken  at  different  times, 
was  ftrongly  nitrous.  Two  meafures  of  com- 
mon air,  and  one  of  this,  occupied  the  fpaca 
cf  no  more  than  two  meafures. 

It  was  my  feeing  this  air  produced  in  dif- 
ferent circumftances,  viz.  before  any  of  the 
acid  came  over,  and  afterwards,  that  fuggefted 
X-O  me  the  importance  of  talking  the  air  at  differs 
rent  times,  according  to  the  change  of  circum- 
ftances  in  the  production  of  it ;  a  hint  which 
I  purfued  to  very  great  advantage  afterwards, 
as  the  reader  has  already  feen,  and  will  fee 
farther,   in  the  courfe  of  my  experiments. 

Repeating  the  experiment  with  this  viev/,  I 
examined  the  firft  produce  of  air,  which  came 
over,  while  the  heat  was  very  moderate,  and 
found  it  to  be  very  ftrong  nitrous  air,  almoft 
as  ftrong  as  that  which  is  procured  from 
metals.  Towards  the  laft  I  increafcd  the 
heat,  and  by  that  means  produced  a  very  tur- 
bid air,  of  which  I  collefted  a  prodigious 
quantity.  Sometimes,  however,  the  air  would 
be  quite  tranfparent,  and  then  turbid  again, 
feveral  times.  I  endeavoured  to  take  the  tur- 
bid air  and  the  tranfparent  feparately,  and  I 
fucceeded  pretty  well ;   but  I  found  them  both 

to 
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to  be  of  the  fame  quality,  extinguilliing  a 
candle,  and  diminifhing  common  air  but  very 
little  ;  two  meafures  of  common  air,  and  one 
of  this,  occupying  the  fpace  of  little  lefs  than 
three  meafures. 

At  this  time  I  made  ufe  of  the  phials  repre- 
fented  fig.  a,  with  common  corks ;  and  obferv- 
ing  that  the  corks  were  always  much  corroded 
in  thefe  experiments,  I  thought  it  would  be 
proper  to  afcertain  the  effedt  of  the  fpirit  of 
nitre  on  the  cork^  in  order  to  make  proper  al- 
lowance for  this  circumftance  in  future  expe- 
riments. I  therefore  poured  a  quantity  of  fpi- 
rit of  nitre  upon  fome  pieces  of  cork,  and 
treating  it  in  the  manner  above  mentioned,  I 
found  the  produce  of  air  to  correfpond  very 
exactly  with  that  which  I  had  got  from  the 
charcoal.  With  a  moderate  degree  of  heat  the 
air  was  ftrongly  nitrous  ;  and  with  a  great  heat 
the  air  was  turbid,  and  much  lefs  nitrous.  I 
was  not  a  little  furprized  to  find  that  nitrous 
air  was  produced  from  cork,  as  it  intirely  over- 
turned my  fyftem  of  the  produftion  of  this 
air,  depending  upon  that  property  of  the  char- 
coal by  which  it  refembies  metals.  However, 
I  prefently  found,  that  genuine  nitrous  air  was 
produced  from  a  variety  of  other  hard  fuh- 
Jiances  •,  for  at  that  time  I  had  not  difcovered 
that  it  was  produced  from  any  liquid  ones. 

The 
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The  correfpondence  of  an  experiment  which 
I  made  with  old  dry  oak  with  that  which  I 
made  with  charcoal  is  ftriking  enough ;  and 
one  of  them  may  a  little  illuilrate  the  other. 

I  put  about  half  an  ounce  meafure  of  the 
rafpings  of  old  dry  oak  into  one  of  the  phials 
above  mentioned,  fig.  ^,  and  poured  upon 
them  as  much  fpirit  of  nitre,  half-diluted  with 
water,  as  made  them  thoroughly  moift.  Air 
was  inftantly  produced,  without  the  applica- 
tion of  any  heat.  This  air  1  received,  toge- 
gether  with  a  little  that  was  produced  by  hold- 
ing the  flame  of  a  candle,  at  the  diftance  of 
about  a  quarter  of  an  inch,  from  the  fide  of  the 
phial.  I  then  placed  the  candle  nearer,  and 
received  the  air  at  five  difi^erent  times  ;  the 
laft  but  one  being  produced  when  the  flame 
touched  the  fide  of  the  phial,  and  the  laft, 
when  it  was  placed  clofe  under  it,  and  after 
all  the  moiflure  feemed  to  be  expelled  from  the 
phial  The  firfl  produce  was  of  the  nature  of 
nitrous  air,  the  two  next  much  more  fo,  almofl 
as  ftrong  as  any  j  but  the  two  laft  were  hardly 
nitrous  at  all.  A  candle  went  out  in  this  air, 
burning  with  a  bluifh  flame,  as  if  it  had  been 
in  part  a  mixture  of  inflammable,  nitrous,  and 
fixed  air.  That  part  of  this  produce  was  fixed 
air,  was  evident,  by  its  being  readily  abforbed 

by 
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by  water ;  but  I  did  not  apply  to  it  the  tell  of 
lime-water. 

Seeing  this  aftonilhing  difference  in  the  pro- 
duce of  air  by  fpirit  of  nitre  from  different 
fubftances,  and  even  from  the  fame  fubftance 
in  different  circumftances,  I  thought  that  it 
might  be  poffible,  by  this  means,  to  dillinguilli 
thole  fubftances  that  are  yiutritious  from  thofe 
that  are  not;  and,  in  my  imagination,  I  had 
thought  it  poffible  to  aicertain  the  quantity  of 
nutriment  that  different  fubftances  would  yield 
by  the  quality  and  quantity  of  the  air  pro- 
duced from  them  ;  but  the  experiments  by  no 
means  anfwered  fuch  fond  expeftations.  I 
found,  however,  what  I  did  not  exped:,  viz. 
a  moft  remarkable  difference  between  the  air 
produced  from  animal fuhftances  of  feveral  kinds, 
and  from  vegetables  j  for,  in  general,  the  former 
had  little  of  the  nitrous  property  •,  but  the  lat- 
ter, though  nutritious,  yielded  the  fame  kind  ' 
of  air  with  that  which  I  had  got  from  wood  or 
charcoal.  The  fads  furprized  me  very  much 
and  I  can  give  the  reader  no  clue  to  lead  him 
through  the  labyrinth. 

The  vegetable  fubftances  which  I  tried  were 
•uoh eat -flour ^  barley^  and  malt^  all  of  which 
yielded  nitrous  air  in  the  firft  part  of  the  pro- 
duce, and  air  of  the  fame  quality  with  the  laft 

produce 
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produce  from  charcoal,  if  the  procefs  was  con- 
tinued a  long  time,  and  with  a  ftrong  heat.  I 
had  once  fufpefted  that  the  nitrous  quality 
might  have  come  from  the  cork  with  which  the 
phial  was  clofed  •,  but  I  was  fatisfied  that  it 
came  from  the  fubftance  within  the  phial,  when, 
inftead  of  a  phial  clofed  with  a  cork  as  before, 
I  ufed  one- of  thofe  reprefented  fig.  hi,  which  I 
have  obferved  to  have  been  contrived  by  Mr. 
Vaughan.  Having  put  the  barley  and  fpirit 
of  nitre  into  this  vefiel,  I  heated  it  in  a  velTel 
full  of  water,  placed  on  the  fire,  covering  the 
phial  with  a  glafs  jar  filled  with  water,  in  or- 
der to  receive  the  air.  The  air  procured  in 
this  manner  was  ftill  ftrongly  nitrous,  though 
it  could  come  from  nothing  but  the  fpirit  of 
nitre  and  barley. 

As  I  attended  to  a  few  collateral  clrcum- 
ftances  in  the  experiment  with  the  malt^  it  may 
be  worth  while  to  recite  the  particulars.  Hav- 
ing juft  covered  one  pennyweight  of  malt  with 
diluted  fpirit  of  nitre,  I  made  it  boil,  and 
procured  from  it  two  jars  full  of  air,  each  con- 
taining near  thirty  ounce-meafures,  and  I  might 
have  colledled  more.  That  which  came  iirft, 
and  which  was  tranfparent,  diminifhed  com- 
mon air  almoft  as  much  as  the  (Irongeft  nitrous 
air.  The  air  which  came  lad,  and  which  was 
tuxbid,  hardly  diminifhed  common  air  at  all, 

and 
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and  it  was  readily  abforbed  by  water.  Before 
it  was  agitated  in  water,  it  extinguifhed  a 
candle ;  but  afterwards,  when  it  was  reduced 
to  about  one-fourth  of  its  original  quantity,  a 
candle  burned  in  it  with  a  lambent  blue  flame. 

N.  B.  Towards  the  clofe  of  this  procefs, 
part  of  the  contents  of  the  phial  were  reduced 
to  a  coal. 
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SECTION    Vlil. 

Of  Air  -procured  hy  the  Solution  of  Animal 
Substances  in  Spirit  of  Nitre, 

I  profefs  not  to  be  able  to  aflign  any  reafon 
for  the  difference  in  the  produce  of  air  from 
animal  and  vegetable  fabftances  ;  but  the  expe- 
riments, of  which  an  account  will  be  given  in 
this  fedion,  compared  with  thofe  recited  in  the 
laft,  will  prove,  that,  in  general,  there  is  a 
very  confiderable  one. 

It  has  been  feen  that  vegetable  fubftances^ 
diffolved  in  fpirit  of  nitre,   befides  fixed  air,* 
yielded  nitrous  air,  and  frequently  as  ftrong 
as  that  which  is  procured  by  the  folution  of 
metals  in  the  fame  acid ;   and  this  is  the  cafe 
whether  the  fpirit  of  nitre  be  much  concentrat- 
ed, or  much  diluted.     On  the  contrary,  animal 
fubllances,    in  general,    treated  in   the  fame 
manner,  yield  about  the  fame  proportion  of 
fixed  air  ;  but  the  refiduum  is  either  not  at  all, 
or  in  a  very  flight  degree,    nitrous  (except  in 
fome  cafes  where  the  fpirit  of  liitre  is  very 
ftrong)  but  is  a  kind  of  air  which,'  neither  af- 
fefting  common  air,   nor  being  affected  by  ni- 
L  trous 
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trons  air,  but  fimply  extinguilhing  a  candle, 
may  be  termed  pblogifiicated  air.  Towards 
the  end  of  i  procefs,  indeed,  when,  by  means 
of  a  ilrong  heat,  the  produce  of  air  is  very 
rapid,  and  the  air  full  of  clouds,  it  is,  like 
air  produced  from  vegetable  fubftances  in  the 
fame  circumftances,  (lightly  inflammable,  burn- 
ing with  a  lambent,  greenilh,  or  bluiih  flame. 

As  there  is  a  confiderable  variety  in  the  re- 
fult  of  thefe  procefl^es,  arifmg  from  feveral  cir- 
cumftances,  the  influence  of  which  may  not  be 
apprehended,  I  have  been  careful  to  note  every 
thing  relating  to  them,  that  appeared  to  me  at 
the  time  to  be  of  any  importance.  But,  not- 
withflanding  this,  it  is  very  pofllble  I  may  have 
made  omifTions,  of  the  eff^edl  of  which  I  was 
not  apprized ;  and  therefore  thofe  who  fhall 
endeavour  to  repeat  the  experiments  after  me 
may  not  find  precifely  the  fame  refults  that  I 
have  reported.  This  will  often  be  the  cafe  in 
experimental  inquiries  fo  new  as  thefe  ;  and  as 
no  human  care  has  yet  been  fufficient  to  pre- 
vent this  inconvenience,  it  is  the  part  of  hu- 
man candour  to  make  proper  allowance  for  it. 

I  cannot  help  flattering  myfelf,    however, 

that  thefe  experiments,  properly  purfued,  may 

be  a  means  of  throwing  light  upon  the  two 

great  natural  proceflTes  oi  vegetation  and  anima- 

I  lization  j 
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lizalion ;  as  they  exhibit  a  new  and  ftriking 
difference  between  fubftances  formed  by  them. 
On  this  account  I  would  willingly  recommend 
them  to  the  particular  attention  of  chymifts 
and  phyficians.  The  experiments  themfelves, 
nearly  in  the  order  in  which  they  were  made, 
are  as  follows. 

I  put  equal  quantities  of  fpirit  of  nitre 
and  water  upon  fome  pieces  of  beef^  dried  till 
they  were  perfedly  hard,  but  without  being 
burned,  and  took  the  firft  produce  of  the  air, 
which  was  generated  without  the  application 
of  heat,  and  was  very  confiderable  -,  and  af- 
terwards that  which  came  over  when  the  flame 
of  a  candle  was  placed  within  about  a  quar- 
ter of  an  inch  from  the  phial ;  but  neither  of 
them  fenfibly  affefted  common  air.  Th«y  were 
both  pretty  readily  abforbed  by  water,  and  ex- 
tinguiflied  a  candle.  I  had  expedted  that  this 
air,  like  that  from  dry  wood,  would  have  been 
nitrous  air. 

This  experiment  being  made  with  the  flefhy 
part  of  a  mtifcle^  I  next  took  a  tendon  from  a 
neck  of  veal,  imagining,  from  its  firmer  tex- 
ture, that  the  air  produced  from  it  might  ap- 
proach nearer  to  that  from  wood  -,  but  the  air 
that  came  from  it  neither  diminiihed  common 
air,  nor  was  diminiflied  by  nitrous  air,  nor  was 
L  2  it 
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it  readily  abforbed  by  water,  and  a  candle  went 
out  in  it.  It  feemed,  upon  the  whole,  to  be 
much  the  fame  thing  with  phlogiflicated  com- 
mon air. 

I  thought  there  might  be  fome  difference 
in  this  refpe6t,  between  air  produced  from  the 
wbite^  and  from  the  brown  flefh  of  animals  ; 
but  I  made  the  experiment  with  the  breaft  and 
the  leg  of  a  turkey^  without  finding  any.  That 
which  was  produced  from  thefe  fubftances  ex- 
aftly  refembled  the  air  that  I  had  got  from  the 
tendon  of  the  calf ;  except  that  it  was  more 
readily  imbibed  by  water.  1  agitated  a  quan- 
tity of  it  in  water  five  minutes,  when  one-fourth 
of  it  was  abforbed,  but  the  remainder  ftill  ex- 
tinguifhed  a  candle,  and  did  not  difi^er  from 
what  it  was  before,  except  that  it  was  now  di- 
minifhed  by  nitrous  air,  like  all  other  kinds 
of  air  agitated  in  water.  When  all  the  flefh 
was  difiblved,  air  was  ftill  produced  in  great 
plenty,  upon  the  application  of  the  flame  of  a 
candle.  The  air  produced  in  this  manner 
was  very  turbid  at  firft  ;  but  the  quality  of  it 
was  not  fenfibly  different  from  that  which  came 
firft,  and  which  was  tranfparent. 

I  repeated  this  experiment  with  the  fame 

event,  obferving  that  the  turbidnefs  of  the  air 

depended  upon  the  degree  of  heat  with  which 

4  it 
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it  was  produced  •,  for,  after  producing  a  large 
quantity  of  turbid  air,  I  lefTened  the  heat,  and 
prefently  the  air  was  tranfparent  as  at  firft,  and 
upon  increafing  the  heat,  the  air  was  turbid 
again. 

Having  found  no  air  of  the  nitrous  kind 
from  the  flefh  of  an  animal  of  the  quadruped 
fpecies,  or  of  a  fowl,  I  was  willing  to  try  what 
would  be  the  produce  from  the  fleih  of  Jijhes^ 
infe5iSy  and  exanguious  animals. 

From  the  flelh  of  falmon^  made  thoroughly 
dry,  and  then  diffolved  in  fpirit  of  nitre,  I  got 
a  great  quantity  of  air,  at  firft  without  heat, 
till  the  whole  was  nearly  diflblved  ;  when  about 
a  quarter  of  an  ounce  meafure  of  this  folur 
tion  ftill  yielded  more  than  a  quart  of  air. 
At  the  laft  this  liquor,  which  had  been 
pretty  clear,  became  fuddenly  opake<,  and 
in  this  ftate  it  yielded  air  the  moft  plentifully, 
and  continued  to  do  fo  till,  all  the  moifture 
being  evaporated,  it  became  a  dry  coal.  While 
it  continued  clear,  a  ftrong  heat,  occafioned 
by  applying  the  flame  of  a  candle  clofe  to  the 
phial,  would  immediately  make  the  air  turbid, 
efpecially  toward  the  end  of  the  procefs,  juft 
before  the  liquor  became  opake.  At  this  time, 
however,  the  air  in  the  infide  of  the  phial  had 
nothing  of  that  appearance,  nothing  being  feen 
L  2  in 
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ill  It  but  the  red  fumes  of  the  fpirit  of  nitre  ;\ 
but  when  the  liquor  became  opake,    it  was 
filled  with  very  denfe  white  fumes. 

The  air,  in  all  the  ftages  of  this  experi- 
ment, was  in  part  fixed,  precipitating  lime  in 
lime-water.  In  the  middle  of  the  procefs  the 
refiduum  was  nitrous  -,  but  only  in  a  flight  de- 
gree. Towards  the  conclufion  it  had  no  fen- 
fible  effeft  on  common  air  *,  and  at  laft  it  burned 
with  a  blue  lambent  flame,  which  continued  a 
confiderable  time  after  I  had  withdrawn  the 
candle  by  which  it  had  been  fet  on  fire.  In 
the  air  that  came  juft  before  the  lafl,  a  candle 
barely  went  out,  furrounded  by  a  flight  flame 
of  that  colour. 

Repeating  the  experiment,  I  found  nothing 
nitrous,  either  in  the  firft  produce  of  air,  be- 
fore the  flefli  was  diflblved,  or  afterwards  -, 
and  at  this  time  I  was  particularly  careful  not 
to  ufe  any  of  the  flefli  that  was  turned  black, 
or  very  brown,  in  drying  j  having  fome  fuf- 
picion  that  the  nitrous  property  of  the  air  in 
the  preceding  experiment  came  from  fuch  parts 
of  the  flefli,  being  then  a  kind  of  charcoal. 

The  flefli  of  falmon  having  a  peculiar  co- 
lour and  flavour,  I  thought  it  would  not  be 
amils  to  repeat  the  experiment  with  fome  other 

kind 


Animal  Suhjiances  in  Spirit  of  Nitre i     1 5 1 

kind  of  fiHi,  the  fielh  of  which  was  white  and 
tallelefs.  I  therefore  took  the  flep  of  perch, 
and  diiTolving  it  in  fpirit  of  nitre,  I  procured 
a  large  quantity  of  air,  no  part  of  which  was 
nitrous  j  but  a  confiderable  part  of  it  was  fixed, 
precipitating  lime  in  lime-water.  The  greateil 
part  of  this  air  was  produced  after  all  the  flefu 
was  diffolved  -,  and  at  the  laft,  w^hen  T  increafed 
the  heat,  the  air  was  turbid ;  but  it  did  not 
fenfibly  differ  from  that  which  was  produced 
at  firft,  except  that  a  candle  went  out  in  it 
with  the  flame  flightly  tinged  with  green. 

A  large  ivorm,  treated  in  the  fame  manner, 
yielded  air  that  was  in  part  fixed,  making  lime- 
water  turbid.  The  refiduum  extinguilhed  a 
candle,  and  was,  in  a  fmall  degree,  nitrous ; 
owing,  perhaps,  to  fomething  on  its  ft omach  •, 
for  I  had  only  prefTed  out  the  contents  with 
my  finger. 

Air  produced  from  a  number  of  zvafps^  dif- 
folved  in  fpirit  of  nitre,  was  partly  fixed,  and 
the  refiduum  ki  far  nitrous,  tliat  two  meafures 
of  common  air,  and  one  of  this,  occupied  the 
fpace  of  2  4-  meafures.  When  the  flame  of  a 
candle  was  dipped  into  it,  it  burned  with  a 
greenilh  lambent  flame. 

L  4  J  had 
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I  had  next  the  curiofity  to  try  what  kind 
of  air  rnight  be  procured  from  the  infenfible 
^xcrefcences  of  ani7nal  bodies^  as  horn^  hair,  fea- 
thers, &c.  which  are  protruded  from  the  body, 
and  feem,  at  firft  fight,  to  be  in  a  kind  of  in- 
termediate ftate  between  vegetable  and  animal 
fubftances ;  but  they  appeared  to  be  more  of 
an  animal  than  of  a  vegetable  nature,  i.  e. 
judging  by  the  air  which  I  had  hitherto  found 
thofe  fubftances  to  give, 

With  fpirit  of  nitre  and  hair  I  got  a  quan- 
tity of  air,  part  of  which  was  fixed,  precipi- 
tating lime  in  lime-water,  and  the  remainder, 
not  abforbed  by  water,  which  was  about  two- 
thirds  of  the  whole,  was  in  a  fmall  degree  ni- 
trous, 

From  a  crow-quill  I  got  air  of  the  fame  qua^ 
lity  with  that  from  the  hair  in  the  preceding 
experiment.  This  quill  was  black ;  and  think- 
ing it  pofTible  (as  the  hair  I  had  made  ufe  of 
was  alfo  in  part  black)  that  the  nitrous  pro? 
perty  of  the  air  might  come  from  the  phlor 
gifton  which  produced  that  colour,  I  repeated 
the  experiment  with  a  white  feather  ;  but  the 
refult  was  the  fame :  or,  rather,  the  air  in  this 
cafe,  was  more  nitrous  than  in  the  former^ 
Two  meafures  of  common  air,  and  one  of  this, 
pecupied  the  fpace  of  2  ^  meafures,     Had  I 

yfed 
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ufed  a  much  diluted  fpirit  of  nitre,  it  will  ap- 
pear probable,  from  the  experiments  recited 
at  the  clofe  of  this  fe6lion,  that  the  produce 
would  have  been  lefs  nitrous.. 

Air  was  eafily  procured  by  diflblving  horn 
in  fpirit  of  nitre.  Part  of  it  was  fixed  air,  pre- 
cipitating lime  in  lime-water ;  but  a  very  great 
proportion  of  it  was  not  abforbed  by  water.  In 
this  refiduum  there  was  nothing  fenfibly  ni^ 
trous.  That  which  came  firft  extinguiflied  a 
candle,  without  any  particular  appearance ; 
but  in  that  which  came  lad,  it  burned  with  a 
beautifully  blue  lambent  flame. 

I  had  thought  that,  pofTibly,  the  infide  of  an 
cyfier-foell,  or  mother  of  pearly  "light,  together 
with  fixed  air,  yield  a  quantity  of  fuch  phlo- 
gifticated  air  as  had  been  produced  in  the  pre- 
ceding experiments  •,  but  when  they  were  dif- 
folved  in  fpirit  of  nitre,  they  each  of,  them  gave 
very  pure  fixed  air,  without  any  greater  refiduum 
than  is  found  in  the  folution  of  chalk  in  oil  of 
vifriol. 

Pieces  of  ivory  difiblved  in  a  very  beautiful 
manner,  in  hot  fpirit  of  nitre,  and  yielded  a 
great  quantity  of  air,  which,  in  every  ftage  of 
the  procefs,  precipitated  lime  in  lime-water. 
TJ^e  refiduum  was  not  nitrous,  and  extin- 
guiflied 
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guifhed  a  candle,  without  any  particular  colour 
of  the  flame. 


To  try  the  difference  between  the  fame  fub- 
ftance,  in  a  natural  ftate,  and  after  it  was  re- 
duced to  a  coal  by  fire,  I  diiTolved  fome  char- 
coal of  ivory  in  fpirit  of  nitre,  and  found  that 
it  yielded  plenty  of  air,  the  greateft  part  of 
which  was  fixed,  and  the  refiduum  was  confi- 
derably  nitrous.  When  the  air  was  produced 
very  faft,  the  infide  of  the  phial  was  filled 
with  a  white  fume.  This  ivory  had  been  kept 
in  a  red  heat,  covered  with  fand,  about  an 
hour. 

Eggs  do  not  rank  with  the  fubftances  above 
mentioned  •,  but  being  the  produce  of  an  ani- 
mal, and  yet  no  proper  part  of  one,  I  Ihall 
recite  the  experiments  1  made  upon  them  in 
this  place.  Both  the  white  and  the  yolk  of  an 
egg,  which  I  tried  feparately,  yielded  a  con- 
fiderable  quantity  af  air,  when  difiblved  in 
fpirit  of  nitre,  and  the  difference  between  them 
v/as  not  fenfible.  In  both  cafes  part  of  the  air 
was  fixed,  precipitatmg  lime  in  lime-water,  and 
the  refiduum  was  fo  far  nitrous,  that  two  mea- 
fures  of  common  air,  and  one  of  this,  occu- 
pied the  fpace  of  2  4-  meafures. 

It 
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It  occurred  to  me,  that,  pofTibly,  other  parts 
of  the  animal,  and  the  different  animal  fecre- 
tionsy  might  yield  a  different  kind  of  air  from 
that  which  the  mufcles  had  yielded ;  and  from 
the  little  that  I  have  done  in  this  way,  I  can- 
not help  thinking,  that  the  experiments  deferve 
to  be  profecuted  farther. 

From  the  crajfamentum  of  hlocd^  with  fpirit 
©f  nitre,  I  got  great  plenty  of  air,  part  of 
which  was  fixed,  but  no  part  nitrous.  At  laft 
the  air  was  turbid  ^  and,  as  is  ufual  in  this 
cafe,  a  greater  proportion  of  it  was  fixed  air. 
Towards  the  laft  alfo,  when  the  blood  was 
(Completely  difToived,  the  air  was  produced  ir- 
regularly-, for  after  an  interval  of  about  a 
quarter  of  a  minute,  there  would  be  a  fudden 
gulh  of  about  a  quarter  of  an  ounce-meafure 
of  air;  but  between  thefe  intervals  the  pro- 
duce wfas  equable. 

Spirit  of  nitre  put  to  the  ferum  of  blood,  im- 
mediately turns  it  into  a  white  coagulum. 
This  yielded  lefs  air  than  moft  other  lubftan- 
ces,  treated  in  the  fame  manner.  Part  of  it 
was  fixed  air,  precipitating  lime  in  lime-water, 
and  the  refiduum  was  not  nitrous,  and  extin- 
guilhed  a  candle  without  any  particular  ap- 
pearance. 

Milk 
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Milk  was  alfo  immediately  coagulated  by  a 
mixture  of  ftrong  fpirit  of  nitre,  anH  yielded 
air,  one-third  of  which  v/as  fixed,  precipitating 
lime  in  lime-water ;  and  the  remainder  was  fo 
far  nitrous,  that  two  meafures  of  common  air, 
and  one  of  this,  occupied  the  fpace  of  2  ^  mea- 
fures. 

From  cheefe,  which  was  pretty  old,  I  got 
air,  a  great  part  of  which  was  fixed,  and  the 
remainder  confiderably  nitrous, 

Mutton-gravy^  with  ftrong  fpirit  of  nitre,  gave 
but  little  air,  perhaps  twenty  times  as  much  as 
its  bulk.  It  was  in  part  fixed,  and  the  red- 
duum  not  fenfibly  nitrous. 

It  has  been  feen,  in  a  preceding  feAion,  that 
all  oily  matters,  of  a  vegetable  nature,  yield 
nitrous  air  in  very  great  plenty,  and  that  the 
produce  is  exceedingly  rapid;  fo  that  many 
precautions  are  neceflary  in  conduftinig  the  ex- 
periments. On  this  account  I  began  to  ufe 
the  fame  in  my  attempts  to  get  air  from  Hog*s- 
lard,  but  found  them  to  be  altogether  unne- 
ceflary  :  for  this  fubftance  is  but  little  affeded 
by  very  ftrong  and  hot  fpirit  of  nitre,  on  the 
furface  of  which  it  continues  fluid,  and  yields 
but  little  air,  perhaps  four  times  its  bulk. 
Part  of  this  was  fixed  air,  precipitating  lime 

in 
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in  lime-water,  and  the  remainder  was  fo  far 
nitrous, '  that  two  meafures  of  common  air,  and 
one  of  this,  occupied  the  fpace  of  lefs  than  two 
meafures  ;  that  is,  it  was  almoft  as  ftrongly 
nitrous  as  that  which  is  produced  from  metals. 
It  is  fomething  remarkable,  that,  of  all  ani- 
mal fubftances  on  which  I  have  made  the  ex- 
periment, that  part  which  feems  to  be  the  moft 
remote  from  a  vegetable  nature,  and  is  pecu- 
liar to  animals,  fhould  approach  the  neareft  to 
the  nature  of  a  vegetable  in  the  air  which  it 
yields  when  diffolved  in  fpirit  of  nitre.  This 
is  the  medullary  fubfiance  of  the  brain. 

From  part  of  the  brain  of  a  fheep^  diffolved 
in  ftrong  fpirit  of  nitre,  I  got  a  quantity  of  air, 
about  half  of  which  was  fixed  air,  precipitat- 
ing lime  in  lime-water,  and  the  remainder  was 
fo  far  nitrous,  that  two  meafures  of  common 
air,  and  one  of  this,  occupied  the  fpace  of  2  -^ 
meafures.  When  it  was  completely  diffolved, 
and  by  a  ftrong  heat,  the  air  came  over  very 
turbid,  and  a  candle  burned  in  it  with  a  lam- 
bent greenilli  flame. 

I  repeated  the  experiment  with  part  of  the 
fame  brain  that  was  boiled^  and  with  the  fame 
refult ;  except  that  I  did  not  continue  the  pro- 
cefs  fo  long.  The  refiduum  of  this  air,  when 
the  fixed  air  was  walhed  out  of  it,  was  fo  much 

nitrous. 
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nitrous,  that  two  meafures  of  common  air,  and 
one  of  this,  occupied  the  fpace  of  2  4-  meafures. 
This  I  tried  with  the  lail  of  the  three  portions' 
of  air  that  I  took.  The  firfl:  and  fecond  were 
not  fo  highly  nitrous  ;  and  yet  I  am  confident 
that  all  the  three  portions  were  wholly  the  pro- 
duce of  the  folution,  both  the  phial  and  the 
tube  being  filled  with  bubbles,  in  the  form 
of  froth,  before  I  took  any  air  at  all. 

After  I  had  made  thefe  experiments^  it  oc- 
curred to  me,  that  poflibly,  this  difi^erence  inr 
the  produce  of  air  from  vegetable  and  animal 
fubftances  might  arife  from  fome  difference  in 
the  fpirit  of  nitre.  But  though  I  found  that,  in 
confequenc  of  the  acid  being  more  concen- 
trated, or  more  diluted  with  water,  a  real  dif- 
ference was  occafioned  in  the  air,  ftill  very 
much  depended  upon  the  fubftances  them- 
felves,  as  will  appear  from  the  following  ex- 
periments. 

A  piece  of  hotted  mutton^  diflblved  in  very 
ftrong  fpirit  of  nitre,  yielded  air,  which  was 
partly  fixed,  with  the  refiduum  fo  far  nitrous, 
that  two  meafures  of  common  air,  and  one  of 
this,  occupied  the  fpace  of  2  y  meafures.  Dif- 
folving  a  quantity  of  the  fame  mutton.  In  the 
fame  fpirit  of  nitre,  diluted  with  an  equal  quan- 
tity of  diftilled  water,  I  procured  air,  which 

was 
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was  not  half  fo  much  nitrous  as  that  in  the 
preceding  experiment.  With  the  fame  refult 
I  alfo  made  this  experiment  with  the  white  of 
an  egg,  which  gave  air  much  lefs  nitrous  when 
difTolved  in  a  diluted  fpirit  of  nitre,  than  in 
the  former  cafe. 

In  order  farther  to  fatisfy  myfelf,  whether 
the  refult  would  not  tje  the  fame  with  vege- 
table  fubftances  alfo,  I  took  fome  pieces  of 
very  dry  old  oak,  and  diffolved  them  in  exceed- 
ingly weak  fpirit  of  nitre.  I  alfo  caufed  the 
air,  by  means  of  heat,  to  be  produced  very 
rapidly ;  in  which  cafe  the  air  is  generally  lefs 
nitrous,  at  leaft  toward  the  clofe  of  an  expe- 
riment, as  the  reader  will  have  obferved  :  but 
when  the  fixed  air  was  wafhed  out  of  it,  the 
refiduum  was  almoft  as  itrongly  nitrous  as  any 
air  that  is  produced  by  the  folution  of  metals. 


S  E  C. 
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Mifcellaneotis  Experiments  relating  to  Nitre, 
the  Nitrous  Acid  and  Nitrous  Air. 

I  have  more  than  once  fecomnieftded  the 
ftudy  of  the  nitrons  acid^  and  of  its  various 
combinations,  as  promifmg  a  fund  of  valu- 
able difcoveries,  looking  far  into  the  con— 
ftitution  of  nature  -,  and  I  flatter  myfelf,  that 
even  my  own  experiments  relating  to  this 
fubjeft,  recited  in  this  volume,  will  b'e  thought 
to  have  fufficiently  verified  the  obfervation. 
But  I  conlider  this  ample  field  of  inquiry 
as  barely  opening,  and  that  much  more  re- 
mains to  be  done  -,  and  confidering  how  eafily 
this  rich  mine  has  been  worked  hitherto,  I 
think  one  may  fairly  prefume  that  it  will  ftill 
abundantly  reward  the  diligent  labourer. 

It  has  been  the  opinion  of  feveral  eminent 
chymifts,  that  there  is  but  one  primitive  acid ; 
that  all  the  different  acids  with  which  we  are 
acquainted,  are  only  different  modifications  or 
combinations  of  it ;  and  that  the  yiitrous  acid^ 
in  particular,  differs  from  the  reft  by  a  more 
intimate  union  of  phlogifton  with  it. 

The 
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The  celebrated  Mr.  Stahl  obferved,  that  by 
diftilling  iron  in  the  marine  acidj  fome  nitrous 
acid  was  produced.  Mr.  Woulfe  informs  me, 
that  he  has  done  the  fame  by  a  procefs  differ- 
ent from  that  of  Stahl  ;  and  alfo  that  he  has 
converted  the  acid  of  nitre  into  the  marine 
acid,  which  I  believe  was  never  done  before. 

This  I  confider  as  a  capital  difcovery ;   and 
whenever  this   excellent    chymift   fhall   think 
proper  to  publifh  his  procefs,   it  will,  I  doubt 
not,  be  a  great  means  of  advancing  the  bounds  J 
of  natural  knowledge. 

The  relation  that  the  nitrous  acid  bears  to 
plilogifton  is  to  me,  I  acknowledge,  a  great 
myftery.  That  this  acid  always  contains  phlo- 
giiton  is  very  evident ;  and  yet,  fuch  is  its 
avidity,  as  we  may  fay,  for  more,  that  it  takes 
phlogifton  from  moft  other  fubftances.  It  is, 
I  prefume,  by  means  of  this  property,  that 
many  fubfbances  into  which  the  nitrous  acid 
enters,  can  burn  without  the  affiftance  of  com- 
mon air ;  and  I  now  fufpeft,  that  it  is  by  the 
fame  property  that  common  air  itfelf  (which 
I  think  I  have  proved  to  confift  of  nitrous 
acid  and  earth)  is  capable  of  fuftaining  both 
flame  and  animal  life. 

M  I  hay© 
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I  have  fufficient  proof,  however,  that  the 
nitrous  acid,  both  when  combined,  as  it  ge- 
nerally is,  with  water,  and  likewife  when  ex- 
hibited in  the  form  of  vapour,  or  air,  is  fo 
loaded  with  phlogiflon,  as  to  be  capable  of 
phlogifticating  both  the  common  air,  and  the 
nitrous  air,  which  are  expofed  to  it.  This  I 
think  to  be  a  fa6l  of  a  pretty  extraordinary 
kind  •,  at  leall  it  appeared  fo  much  fo  to  me, 
that  I  had  expeded  the  very  contrary  efFe6l 
from  the  experiments  that  I  made  upon  it-, 
having  imagined  that,  fmce  the  nitrous  acid 
conftitutes  the  pureft  of  all  the  kinds  of  air, 
common  air  wanted  nothing  more  than  a 
greater  proportion  of  this  aoid  to  become  de- 
phlogifticated  air  ^  and  thus  I  was  in  hopes  of 
being  mafter  of  a  procefs,  by  which  I.  could 
not  only  reftore  vitiated  air  to  its  original  pu- 
rity, but  even  improve  the  purity  of  common 
air  itfelf.  And  the  attempt  is  of  fuch  a  nature, 
that  I  am  far  from  thinking  that  any  perfon 
needs  to  defpair  of  fucceeding  in  it,  though 
the  method  which  I  took  to  accomplifli  it  did 
not  anfwer,  but  had  a  contrary  effed:. 

Among  my  random  experiments  to  reftore 
vitiated  air,  I  have  mentioned  my  having  ex- 
pofed it  to  the  fumes  of  fmoking  fpirit  of  nitre, 
but  without  any  effedl  j  vol.  I.  p.  y^.     This 
I  was 
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was  only  fpirit  of  nitre  in  the  ccmmon  heat  of 
the  atmofphere,  in  a  fmail  quantity,  and  for 
no  long  fpace  of  time.  I  therefore  confidered 
the  experiment  as  inadequate  to  the  purpofe 
of  it;  and  when  I  had  got  my  phials  with 
ground-ftopples,  I  introduced  the  tube  of  one 
of  them,  into  which  I  had  put  fome  ilrong 
fpirit  of  nitre,  under  the  edge  of  a  fmall  jar, 
filled  with  air  that  had  been  injured  by  putre- 
faftion  about  a  year  before ;  and  making  it 
boil,  forced  the  hot  fumes  to  rile  into,  and  mix 
with  it,  for  a  confiderable  time,  till  the  acid 
feemed  to  be  almofb  expelled  from  it ;  but  I 
could  not  perceive  that  the  air  was  fenfibly  al- 
tered by  this  operation.  It  was  no  more  dimi- 
niihed  by  nitrous  air  than  it  had  been  before. 

It  was  on  the  very  fame  day  on  which  I  made 
the  preceding  experiment,  that  it  occurred  to 
me  that  I  had,  at  that  very  time,  a  very  good 
opportunity  of  afcertaining  the  effed:  of  the 
fumes  of  fpirit  of  nitre  on  common  air,  by 
means  of  a  quantity  of  ftrong  fmoking  fpirit 
of  nitre,  made  at  the  Apothecary's-Hall,  con- 
tained in  a  large  phial,  one-fourth  part  of 
which  was  full,  and  which  had  not  been  opened 
for  half  a  year  ;  fo  that  all  the  inclofed  air, 
which  was  three-fourths  of  the  contents  of  the 
phial,  had  been  expofed  to  the  vapour  of  the 
fpirit  of  nitre  all  that  time. 

M  z  By 
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By  lofing  the  fpirit  of  nitre,  I  might  have 
transferred  this  air  into  another  veffel,  with- 
out any  mixture  of  common  air ;  but  not  chuf- 
ing  to  do  that,  I  poured  it  into  another  phial, 
by  which  means  I  got  a  mixture,  three-fourths 
of  which  was  the  air  from  the  phial,  and  one- 
fourth  atmofpherical  air,  for  which  I  had  to 
make  an  allowance.  Examining  this  mixture 
by  the  teft  of  nitrous  air,  I  found  that  two  mea- 
fures  of  it,  and  one  of  nitrous  air,  occupied 
the  fpace  of  2  4-  meafures,  and  a  candle  would 
not  burn  in  it  -,  fo  that  the  fpirit  of  nitre  mull 
have  imparted  phlogifton  to  the  air  which  had 
been  expofed  to  it,  and  in  fo  great  a  degree, 
that  it  had  become  almoft  perfe6lly  noxious ; 
as  may  be  eafily  concluded,  by  allowing  for 
the  mixture  of  common  and  wholefome  air 
with  it  in  this  experiment. 

That  acid  fumes,  as  fuch,  have  not  this  ef- 
fect upon  common  air,  I,  at  the  fame  time, 
afcertained,  by  making  tiie  flime  experiment 
on  the  air  of  the  phial  wliich  had  contained  the 
ilrongeft  fpirit  of  fait ;  and,  I  believe,  for  a 
longer  time.  This,  however,  v/as  in  all  re- 
fpeds  as  good  as  common  air.  This  fpirit  of 
fait  was  procured  from  the  Apothecary*s-Hall, 
and  fmoked  very  much. 

Afterwards, 
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Afterv/ards,  when  I  had  contrived  to  fumi- 
gate different  kinds  of  air,  with  the  vapour  of 
fpirit  of  nitre,  by  a  fingular  kind  of  procefs, 
which  will  be  mentioned  below,  I  found  that 
it  had  no  cffc6l  whatever  upon  common  air ; 
for  in  this  cale,  I  believe,  it  contained  very 
little  phlogifton  :  but  the  experiment  was  not 
tried  to  the  greatefl  advantage. 

I  was  not  much  more  difappointed  in  my 
expedtations  from  this  experiment  than  I  was 
in  finding  that  air  was  injured  by  being  expo- 
fed  to  frefh-melted  nitre.     I  had  been  led  to 
make  this  experiment  by  obferving  that  nitre, 
when  it  is  fufed  by  heat,  yields  air.      Seeing 
this,  I  had  the  curiofity  to  try  whether  it  would 
recover  the  air  it  had  loft  by  being  expofed  to 
the  common  air,  and  at  the  fame  time  to  ob- 
ferve,   what  effed  this  expofure  would  have 
upon  the  common  air,  in  order  to  judge  what 
it  was  that  nitre,    in  thofe  circumftances,  took 
from  the  air.       And  I  find  that  common  air, 
expofed  to  nitre  in  thefe  circumftances,  is  a 
little  injured,   but  with  fuch  circumftances  at-  . 
tending  the  ^rc^/ of  it,  as  I  had  never  obferved 
before,   and  which  I  cannot  well  account  for. 
The  fads  were  as  follow* 

I  melted  about  an  ounce  of  falt-petre  in  a 

crucible,  till  all  the  air  feemed  to  be  expelled 
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from  it,  and  immediately  placed  it  under  a 
receiver  {landing  in  water,  where  it  prefently 
became  folid.  The  next  morning  I  examined 
the  air  in  which  it  had  flood,  and  found  it  to 
be  not  fo  good  as  common  air.  It  was  dimi- 
nifhed  about  -^-V  lefs  than  an  equal  quantity 
of  common  air,  which  I  tried  at  the  fame  time, 
and  with  the  fame  nitrous  air.  I  repeated  the 
experiment  feveral  times,  with  the  lame  refult. 

It  was  remarkable,  however,  that  after  thefe 
mixtures  had  remained  a  day  and  a  night,  they 
approached  nearer  to  an  equality.  This  alfo  I 
obferved  more  than  once,  and  am  much  fur- 
prized  at  the  fafb.  It  fhould  feem  that  the  air 
to  which  this  nitre  had  been  expofed  was  not 
abfolutely  fo  much  injured  as  the  firft  mixture  of 
nitrous  air  with  it  would  fhow ;  but  that  its  con- 
ftitution  was  fo  much  altered,  that  it  required 
more  time  for  the  phlogifton'  difcharged  from 
the  nitrous  air  to  ad  upon  it. 

Afterwards  I  melted  fome  falt-petre  in  a 
glafs-phial,  and  the  veffel  being  broken  by  the 
expanfion  of  the  nitre  in  cooling,  I  expofed  the 
nitre  to  a  quantity  of  air  confined  by  water, 
fo  that  the  common  air  had  accefs  to  it  on  all 
fides  i  whereas,  in  the  former  experiment,  it 
had  been  contiguous  to  it  at  its  furface  only. 
After  about  a  week  I  examined  this  air,  and 

immediately 
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immediately  after  by  the  trial  with  nitrous  air, 
found  it  to  be  confiderably  worfe  than  common 
airj  two  meafures  of  it,  and  one  of  nitrous 
air,  occupying  the  fpace  of  two  meafures  only : 
whereas  the  mixture  of  common  air  made  at 
the  fame  time,  and  with  part  of  the  fame  quan- 
tity of  nitrous  air,  was  diminilhed  as  much  as 
ufual.  I  did  not  carry  this  experiment  any  far- 
ther, as  I  did  with  another  quantity  of  com- 
mon air,  which  had  likewife  been  expofed  about 
a  week  to  melted  falt-petre  in  the  fame  circum- 
ftances. 

Two  meafures  of  this  air,  and  one  of  ni- 
trous, at  firft  occupied  the  fpace  of  little  more 
than  two  meafures  j  but  it  kept  continually 
approaching  to  the  degree  of  diminution  of 
9,  mixture  of  common  air  made  at  the  fame 
time,  till  after  four  days  the  difference  be- 
tween them  was  very  fmall.  Whether  after  a 
longer  time  thefe  two  mixtures  would  have 
been  reduced  to  the  very  fame  dimenfions,  I 
cannot  tell.  I  made  no  more  experiments  of 
this  kind,  nor  have  I,  in  any  other  refpedt, 
purfued  this  fmgular  kind  of  fa6l  any  farther. 

In  my  former  publications,   I  faid  I  had  no 
doubt  but  that  the  nitrous  acid  might  be  ex- 
hibited in  the  form   of  air,    and  that  experi- 
ments might  be  made  upon  it  with  a  great 
M  4  profpec^ 


i6S  Mifcellancous  Experiments  relating  to  Nitre, 

profpe^L  of  making  confiderable  difcoveries, 
provided  that  any  fluid  fubftance  could  be 
found  capable  of  confining  it,  I  have  fince 
made  feveral  attempts  to  diveft  this  acid  of  the 
water  with  which  it  is  generally  combined  -,  but 
though  I  have  been  favoured  by  fome  unex- 
pected circumftances,  I  have  been  far  from  fuc- 
ceeding  to  my  wilh. 

That  this  acid  is  capable  of  exiftlng  in  this 
dry  form,  I  prefently  fatisfied  myfelf  by  an 
attempt  to  expel  air  from  it,  by  the  fame  pro- 
cefs  by  which  I  had  before  expelled  the  ma- 
rine acid  air,  from  fpirit  of  fait ;  viz.  by  heat- 
ing the  fluid  in  a  phial,  and  receiving  the  air 
in  quickfilver.  For  though  the  acid  vapour 
very  foon  united  with  the  quickfilver,  yet  the 
jar  in  which  it  was  received  being  narrow,  the 
faline  cruft,  which  was  formed  on  the  furface 
of  the  quickfilver,  impeded  the  action  of  the 
acid  upon  it,  till  I  had  an  opportunity  of  ad- 
mitting water  to  the  air  that  I  had  produced, 
and  of  fatisfying  myfelf,  by  its  abforption,  of 
its  being  a  real  acid  air,  having  an  affinity  with 
water,  fimilar  to  other  acid  airs. 

In  the  firft  experiment  that  I  made  of  this 
kind,  the  rednefs  of  the  air  did  not  appear 
immediately  i  but  after  fome  time,  when  it 
fnight  be  prefumedthat  the  nitrous  vapour  had 

produced 
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produced  nitrous  air,  by  a  folution  of  the  quick- 
filver ;  and  the  rednefs,  I  fuppofe  to  have  beeti 
theeffeft  of  the  mixture  of  this  newly-generated 
nitrous  air,  with  that  portion  of  common  air, 
which  had  been  contained  in  tlie  upper  part  of 
the  phial,  and  which  had  been  expelled  by  the 
acid  vapour.  I  did  not  admit  water  to  this  air 
till  after  an  hour  ;  and  even  then  it  was  fenfibly 
diminifhed ;  fome  of  the  acid  air  not  having 
been  feized  by  the  quickfilver.  The  laft  time 
that  I  made  this  experiment,  in  which  I  pro- 
duced about  two  ounce-meafures  of  air,  I  ad- 
mitted water  to  it  as  quickly  as  I  could,  and 
then  one-third  of  the  whole  was  imbibed  by  it* 

In  my  account  of  the  procefs  to  procure  de- 
phlogiilicated  air  from  calcined  flint,  and  alfo 
from  talck,  I  have  obfcrved  that  between  the 
produce  of  the  phlogifticated  and  dephlogifti- 
Gated  air,  there  is  a  confiderable  interval,  in 
which  nothing  comes  over  but  the  pure  vapour 
of  the  acid,  which  is  inftantly  and  wholly  im- 
bibed by  water.  This  circumftance  gave  me 
a  fine  and  unexpcded  opportunity  of  making 
Ibme  experiments  upon  this  vapour.  For  the 
orifice  of  the  tube  through  which  it  was  tranf- 
mitted  being  plunged  in  water,  and  bending 
confiderably  upwards,  I  could  eafily  put  over 
it  phials  filled  with  any  kind  of  air  that  could 
bear  to  be  confined  by  water  j   and  the  end  of 

the 
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the  tube  rifing  a  confiderable  way  within  the 
phial,  the  vapour  muft  neceffarily  come  into 
immediate  contadl  with  the  air  contained  in  it. 

The  firft  experiment  that  I  made  upon  this 
vapour,  in  thefe  circumftances,  was  with  ni^ 
trous  air-,  and  it  appeared  to  have  the  fame 
effe6l  upon  it  that  had  been  produced  by  liver 
of  fulphur,  viz.  diminifhing  it  till  it  \yas  no. 
more  capable  of  aJfFe6ling  common  air-,  and 
the  operation  was  exceedingly  quick.     Indeed 
'the  whole  progrefs  of  this  experiment  is  not  a 
little  remarkable.     The  moment  that  the  phial 
of  nitrous  air  was  expofed  to  this  vapour,  it 
became  white,  then  tranfparent,  then  red ;  and, 
laftly,  tranfparent  again.     I  took  one  quantity 
of  this  air,  when  the  whitenefs  had  juft  gone 
off;   and  found  that  it  was  but  little  different 
from  pure  nitrous  air,  diminifhing  common  air 
almoil  as  much.     Taking  another  phial  when 
it  was  quite  red,  one-third  of  the  quantity  had 
difappeared,    and    its    power   of  diminifhing 
common  air  was  about  one-half   of  what  it 
had  been.     I  then  let  another  phial  remain  ex- 
pofed to  this  vapour,  till  I  perceived  that  the 
diminution  would  go  no  farther  ;  when  only 
^'^-  of  the  original  quantity  remained,  and  this 
did  not  affe6t  common  air  at  all. 

When 


the  Nitmts  Acid^  and  Nitrous  Air.     171 

When  this  procefs  is  quick,  that  is,  when 
the  nitrous  vapour  comes  very  fail,  the  white- 
nefs  preceding  the  rednefs,  on  mixing  the  ni- 
trous vapour  with  the  nitrous  air,  can  hardly 
be  perceived,  and  the  vefTel  containing  the  air 
becomes  exceedingly  hot,  as  well  as  the  tube 
through  which  it  is  tranfmitted.  I  obferved 
that  the  veffel  containing  nitrous  air  continued 
exceedingly  red  for  about  a  minute,  without 
any  vifible  change  of  dimenfions  in  the  air  ;  af- 
ter which  it  was  fuddenly  diminifhed  to  about 
one-fourth  of  its  original  quantity,  which  re- 
fembles  the  procefs  of  the  efiervefcence  of 
iron-tilings  and  brimftone,  defcribed  vol.  I. 
p.  118. 

I  expofed  to  this  nitrous  acid  vapour,  com- 
mon air^  inflammable  air^  2sA  fixed  air^  and  all 
of  them  for  a  confidcrable  time,  without  mak- 
ing the  leaft  fenfible  alteration  in  any  of  them. 
It  is  pofTible  that  a  longer  continuance  of  the 
procefs  might  have  affefted  them  •,  but  a  great 
deal  lefs  time  was  abundantly  fufficient  for 
this  acid  vapour  to  produce  its  utmoft  effe6t 
upon  nitrous  air.  It  fhould  feem,  therefore, 
that  though  this  acid  vapour  contained  phlo- 
gifton  enough  to  phlogifticate,  prefently  and 
completely,  a  quantity  of  nitrous  air,  it  does 
net  contain  enough  to  phlogifticate  common 

air. 
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air,  at  leafl,  that  It  requires  either  more  time 
to  efted  this  pnrpofe,  or  a  different  mode  of 
application. 

As  phlogiflon  had  produced  no  cfFefb  upon 
Bxed  air,  except  in  one  particular  cafe,  viz. 
from  the  efFervefcence  of  iron-filings  and  brim- 
flone,  I  did  not  abfolutely  exped  that  it  would 
have  been  affected  in  thefe  circumflances.  Be- 
fides,  I  only  expofed  the  fixed  air  to  this  va- 
pour as  it  was  expelled  from  the  phial  by 
the  flame  of  a  candle,  when  the  vapour  is  not 
fo  copious  as  when  it  is  expelled  by  a  ftrong 
fand-heat,  furrounding  the  whole  phial  placed 
in  a  crucible. 

In  the  courfe  of  the  experiments,  I  thought 
I  faw  reafon  to  conclude  that  the  nitrous  acid 
air  is  naturally  cokurlefs,  like  the  other  acid 
airs.  For  I  obferved  that,  though  the  infide 
of  the  phial,  and  alfo  of  the  tube,  was  very 
red,  during  the  tranfmiifion  of  both  the  phlo- 
gifticated  and  dephlogifticated  air,  yet  that  in 
the  intermediate  llate,  when  the  pure  acid  came 
over,  all  the  infide  of  the  phial  was  tranfpa- 
rent ;  or  if  there  was  any  fenfible  colour,  it 
was  of  a  whitifh  cafl.  At  the  fame  time  it  was 
obfervable,  that  this  acid  vapour,  mixing  with 
any  other  kind  of  air,  produced  a  red  colour. 

As 


the  Nitrous  Acid,  and  Nitrous  Air.     173 

As  there  was  this  rednefs  in  inflammable  air, 
and  other  kinds  of  air,  for  fome  time  after  this 
vapour  was  admitted  to  them,  and  they  after- 
wards became  tranfparent,  I  expected  that  fome 
alteration  would  have  been  made  in  them  j  but 
I  was  difappointed. 

I  would  here  obferve,  that  the  young  ope- 
rator ought  to  be  very  cautious  in  condu<fting 
this  procefs,  and  efpecially  to  take  care  that 
the  tube  through  which  this  acid  vapour  is 
tranfmitted  be  fufficiently  wide  •,  by  which  I 
mean  that  the  hollow  part  of  it  fhould  be  about 
one-tenth,  or  one-twelfth  of  an  inch  in  dia- 
meter. When,  at  one  time,  I  v/as  fo  incai^- 
tious  as  to  make  ufe  of  a  tube  much  fmailer 
than  this,  almofl  capillary,  fome  particles  of 
the  flint,  as  I  fuppofe,  got  into  it,  and  Hop- 
ped it  up.  However,  there  was  a  violent  ex- 
plofion  of  the  phial,  and  of  all  its  contents, 
by  which  I  was  expofed  to  fome  danger :  but 
providentially,  at  this  time,  as  upon  many 
other  occafions,  I  efcaped  without  any  hurt. 
But,  in  lijch  a  kind  of  bufinefs  as  this,  no- 
thing can  be  ejcpedled  to  be  done  without  fuch 
rifques. 

In  my  former  publication,   p.  126,  I  hav-c 

pbferved  that  I  got  little  or  no  air  by  diffoiv- 
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ing  lead  in  fpirit  of  nitre.  I  have  fince,  how- 
ever, made  another  attempt  of  this  kind,  and 
with  a  little  better  fuccefs.  I  poured  fm.ol^ing 
fpirit  of  nitre  into  a  phial  with  a  grourtd- 
ilopple  and  tube,  fig.  f,  containing  i  4  ounce- 
meafures,  filled  with  fmall  leaden  fhot,  fo  as 
to  leave  no  common  air  at  all,  either  in  the 
phial  ,or  in  the  tube ;  and  I  placed  it  fo  as  to 
receive  the  air  that  might  come  from  it  in 
water. 

After  waiting  an  liour,  in  which  little  or  no 
air  was  produced,  I  applied  the  flame  of  a 
candle,  though  not  very  near  to  it,  and  in  thefe 
circumftances  I  got  about  an  ounce-meafure  of 
air:  but  upon  fome  water  rufhing  into  the 
phial,  while  the  candle  was  withdrawn,  air  was 
produced  very  plentifully.  I  collefted,  in  all, 
about  a  quarter  of  a  pint,  and  might  probably 
have  got  much  more  ;  but  that  the  fait  formed 
by  the  folution  of  the  lead  had  fo  nearly  clofed 
up  the  tube,  that  I  thought  proper  to  difcon- 
tinue  the  procefs.  The  air,  both  of  the  firft 
and  of  the  laft  produce,  was  of  the  fame  qua- 
lity, and  fo  far  nitrous,  that  two  meafures  of 
common  air,  and  one  of  this,  occupied  the 
fpace  of  two  meafures  only ;  excepting  that  the 
very  firft  and  very  laft  produce,  mixed  with 
common  air,  took  up  a  little  more  room  than 

that 
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that  which  I  got  in  the  middle  of  the  procefs. 
When  the  air  was  produced  very  faft,  it  was 
exceedingly  turbid,  as  if  it  had  been  filled  with 
a  white  powder. 

In  my  former  publication,  the  reader  will 
have  feen  the  refult  of  feveral  procefies  in  which 
nitrous  air  was  phlogifticated  with  iron  and 
liver  of  fulphur,  in  confequence  of  which  a 
candle  would  burn  in  it,  either  naturally,  as  in 
common  air,  or  with  a  beautifully  enlarged 
fiame.  As  this  air,  in  fome  refpedts,  refembles 
common  air,  though  it  be  noxious,  it  occurred 
to  me,  that  it  might  be  pofnble,  by  means 
of  fome  ingredients,  to  make  it  in  all  refpedts 
common  air  -,  and  v/ith  this,  and  other  views,  I, 
at  different  times,  filled  feveral  phials  with  ni- 
trous air,  putting  to  it  iron  or  liver  of  fulphur 
to  phlogifticate  it,  and  alfo  pieces  of  chalk,  or 
a  mixture  of  fixed  air,  in  order  to  fupply  it 
with  that  ingredient,  which  it  is  well  known 
the  atmofphere  contains  •,  and  in  other  refpedls 
alfo  I  varied  thefc  preparations,  in  order  to 
have  the  greater  chance  of  fucceeding  with  re- 
fpedl  to  the  objedl  of  the  experiment.  Thefe 
projcds,  the  reader  will  eafily  im.agine,  were 
antecedent  to  my  difccvery  of  the  real  confti- 
tution  of  the  atmofphere,  as  explained  in  a  pre- 
ceding feftion.    However,  as  the  procelTes  took 

up 
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up  a  good  deal  of  time,  and  fome  perfons,  in- 
tent upon  thefe  purfuits,  may  wilh  to  know 
what  was  the  refult  of  them,  unfuccefsful  as 
they  were  with  refpedt  to  my  main  objed,  I 
(hall  here  recite  the  particulars  of  the  principal 
.  of  them,  in  the  order  in  which  they  were  made. 

The  reader  may  alfo  have  obferved,  that. 
In  one  particular  cafe,  mentioned  vol  I.  p.  220, 
a  quantity  of  nitrous  air,  which  had  been  ex- 
pofed  two  months  to  fome  iron  nails  in  quick- 
filver,  was  diminifhed  by  a  mixture  of  frefh 
nitrous  air.     This  I  find  in  my  regifler,  writ- 
ten at  the  time  of  obfervation,  and  therefore 
can  hardly  doubt  but  that  I  muft  have  obferved 
that  appearance,   which  is  an  indication  of  a 
confiderable  degree  of  purity  in  the  air,  and  of 
its  fitnefs  for  refpiration.      But  as  in  none  of 
the  following  experiments  I  could  get  the  fame 
appearance,  I  fufpe6t  that  I  muft,  fome  way 
or  other,  have  deceived  myfelf  on  the  former 
Gccafion.     It  muft  be  obferved,  however,  that 
it  by  no  means  follows,  that  becaufe  we  can- 
not, in  a  courfe  of  experiments,  produce  the 
fame  appearance  in  what  we  imagine  to  be  the 
fame  circumftances,  that  we  were  therefore  de- 
ceived with  refped  to  the  appearance  itfelf ; 
becaufe  nothing  is  more  common  than  for  per- 
fons to  be  deceived  with  refped  to  what  they 

imagine 
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imagine  to  be  the  fame  circumflances  in  an  ex- 
periment. 

June  4,  1774.  Two  quantities  of  nitrous 
air,  which  had  ftood  above  four  months  in 
contad  with  iron  in  water,  jufl:  extinguifhed  a 
candle. 


July  25.  A  candle  burned  with  an  enlarged 
flame ;  but  not  more  than  double,  in  nitrous 
air,  which  had  been  in  contadl  with  iron  in 
quickfilver,  about  fix  months.  The  appear- 
ance was  the  fame  when  the  candle  was  dip- 
ped into  it,  both  before  it  was  once  paffed 
through  the  water,  and  afterwards.  Water 
being  admitted  to  the  remainder  of  this  air^  it 
began  to  be  abforbed  as  ufuaL 

March  2,  1775.  Nitrous  air,  which  had 
been  confined  above  a  year  in  contadt  with 
iron,  {landing  in  water,  was,  in  all  refpefts, 
like  phlogifticatcd  common  air :  it  neither  di- 
minifhed  common  air,  nor  was  diminifhed  by 
nitrous  air,  and  extinguiflied  a  candle.  It  had 
alfo  the  faint  fmeil  of  phlogifticated  air.  The 
more  rufty  iron  is,  the  fafter  it  diminifhes  ni- 
trous air,  which  looks  as  if  it  took  phlogifton 
from  the  nitrous  air,  rather  than  communi- 
cated any  to  it. 

N  March 
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March  4.  In  about  one  day,  and  without  any 
heat,  about  one-third  of  a  given  quantity  of 
nitrous  air  was  imbibed  by  liver  of  fulphur. 
In  the  remainder  a  candle  burned  with  an  en- 
larged flame  •,  but  it  was  not  at  all  diminifhed 
by  frefh  nitrous  air. 

March  6.  Nitrous  air,  expofed  to  liver  of 
fulphur  and  chalk,  exhibited  the  fame  pheno- 
mena as  if  no  chalk  had  been  put  to  it :  it  ad- 
mitted a  candle  to  burn  in  it  with  an  enlarged 
flame,  was  not  diminifhed  by  nitrous  air,  and 
cxtinguifhed  a  candle,  after  a  very  little  agita- 
tion in  water. 

■'.  '■;  ^ 

March  iq.  A  quantity  of  one-half  nitrous, 
and  one-half  fixed  air,  which  had  been  in  con- 
tad  with  iron,  was  reduced  one-third  in  its  di- 
menfions,  and  the  remainder  admitted  a  candle 
to  burn  in  it  with  an  enlarged  flame,  but  was 
not  diminiflied  by  nitrous  air. 

May  7.  I  examined  feveral  quantities  of  ni- 
trous air,  and  mixtures  of  nitrous  and  fixed 
air,  which  had  flood  expofed  in  quickfilver, 
to  iron,  or  to  iron  that  had  rufl:ed  in  nitrous 
air,  about  two  months.  None  of  them  were 
diminiflied  by  nitrous  air,  or  diminiflied  com- 
mon air.  In  general  they  extinguiflied  a  can- 
dle j 
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die ;  but,  in  one  of  them,  a  candle  burned  na- 
turally when  the  fixed  air  had  been  walhed  out 
of  it  in  water.      One  quantity  of  nitrous  air, 
which  had  been  expofed  to  iron  that  had  rufted 
in  nitrous  air,  was  diminilhed  about  one-tenth, 
but  was  very  little  changed  ;  for  it  diminilhed 
common  air  almoft  as  much  as  frefh-made  ni- 
trous air.      Another  quantity  of  nitrous  air, 
which  had  been  eXpofed  to  iron-nails,  dimini- 
fhed  common  air  rather  lefs  than  the  preced- 
ing. 


K  2  SEC- 
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SECTION    X. 

So7ne  Ohfervations  ^«  Common  Air7 

It  is  generally  fnppofed,  and  perhaps  with 
reafon,  that  the  ufe  of  fome  metals  is  much 
iafer  than  others,  on  account  of  fome  effluvia 
ifTuing  from  them.  Copper  and  lead,  for  in- 
ftance,  are  thought  to  have  fome  noxious  qua- 
lity of  this  kind  •,  whereas  iron  is  thought  to 
be  perfeftly  harmlefs,  in  every  Ihapc,  as  Dr. 
Franklin  humoroully  obferves,  excepting  in 
that  of  a  weapon.  My  experiments  on  the  di- 
minution of  air,  by  paint,  confiding  of  white 
lead  and  oil,  by  which  it  is  rendered  perfe6t- 
ly  noxious,  have  been  interpreted  fo  as  to  fa- 
vour that  opinion  •,  and,  in  my  account  of 
thofe  experiments,  I  had  myfelf  afcribed  the 
effed  to  the  phlogifton  rcmainin-g  in  the  white 
lead. 

I  had  then,  however,  obfcrved,  that  air  Is 
as  much  diminifhed,  and  confequently  is  ren- 
dered as  completely  noxious,  by  the  calcina- 
tion of  tin^  as  by  that  of  lead ;  and  tin,  I  be- 
lieve, does  not  lie  under  any  peculiar  odium. 
2  Indeed, 
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Indeed,  if  my  hypothefis  be  well  founded  (and 
fo  many  fa<5ls  have  occurred  to  my  obfervation 
in  fupport  of  it,  that  I  do  not  fee  how  it  can 
be  called  in  queftion)  viz.  that  it  is  phlogiilon 
that  diminilhes  air,  and  renders  it  noxious  ;  it 
muft  be  a  matter  of  indifference  from  which 
of  the  metals  it  is  difcharged,  and  the  calci- 
nation of  any  of  them  muft  render  the  air  in 
which  the  calcination  is  made  equally  noxious. 
Other  fadts  have  occurred  in  the  courfe  of  my 
late  obfervations  that  farther  confirm  this  opi- 
nion. 

When  I  was  making  the  experiments  on  the 
extrad:ion  of  inflammable  air  from  iron,  I 
found,  that  if  the  quantity  of  air  was  confi- 
derable,  the  throwing  of  the  focus  of  the  burn- 
ing lens  upon  iron-filings  inclofed  in  it,  had 
no  other  effedl  than  to  diminilh  the  air,  and 
make  it  noxious  ;  which  it  did,  to  as  great  a  de^ 
grec  as  the  calcination  of  lead  or  tin  had  done  : 
for  after  this  it  made  no  effervefcence,  and 
was  no  farther  diminilhed,  by  nitrous  air.  Af- 
ter this,  I  make  no  doubt,  but  that  if  the  pro- 
cefs  had  been  continued  a  fufficient  time,  there 
would  have  been  an  increafe  of  the  quantity  of 
air,  by  the  produdion  of  inflammable  air;  but 
the  firft  effed  of  the  difcharge  of  phloglflon 
from  the  iron  was  the  phlogifticating  and  di- 
jninilhing  of  the  common  air. 

N  ^  I  even 
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I  even  found  that  air  would  be  injured 
by  having  iron  confined  in  it  for  a  confider- 
able  time.  To  try  this,  I  filled  a  phial,  con- 
taining common  air,  full  of  nails,  the  i8th 
of  December,  1773,  and  left  it  inverted  in 
a  velTel  of  water  till  the  2d  of  March,  1775, 
when  I  found  that  it  was  diminifhed  one-fifth 
of  its  bulk,  and  was  not  in  the  leaft  diminifhed 
by  a  a  mixture  of  nitrous  air  ;  fo  that  it  muft 
have  been  perfedly  noxious. 

I  have  alfo  feen  reafon  to  think,  that  my 
former  opinion  concerning  the  caufe  of  the  di- 
minution of  air  by  paint,  viz.  that  it  was 
effeded  by  the  difcharge  of  phlogifton  from 
the  luhite  lea4,  was  not  well  founded.  For 
in  making  my  experiments  with  red  lead^  hav- 
ing found  before,  that  a  compofition  of  which 
turpentine  made  a  part,  had  diminifhed  com- 
mon air  (vol.1,  p.  179)  and  therefore,  fuf- 
peding  that  pofTibly  it  might  be  the  oil  of  tur- 
pentine, and  not  the  white  lead,*  that  contri- 
buted moft  to  the  diminution  of  the  air,  I  got 
a  fmall  quantity  of  ■paint  made  with  red  leady 
mixed  in  the  ufual  manner ;  and  found,  that 
when  I  had  daubed  pieces  of  paper  with  this 
paint,  and  covered  them  with  a  jar  ftanding  in 
water,  the  a,ir  was  diminifhed  jufl  as  before ; 
io  that  it  was  probably  the  phlogiflic  effluvia 

of 
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of  the  oils,  and  not  of  the  lead,  that  producx^ 
this  effed. 

In  my  former  publication,  I  obferved  that 
air,  which  had  been  expofed  to  the  effluvia  of 
the  common  red  cement,  was  injured  by  it.  For 
this  purpofe,  I  had  covered  all  the  infide  of  a 
phial  with  it,  and  placed  it,  inverted,  in  a 
vefTel  of  water.  Since  that  time  I  have  re- 
peated, or  rather  continued 'the  experiment, 
letting  the  fame  vefTel  ftand  about  nine  months 
in  that  fituation  •,  when,  upon  examining  it,  I 
found  it  was  diminiflied  one-fifth  of  its  bulk, 
and  that  it  was  not  at  all  afFeded  by  nitrous 
air. 

Having  had  fo  much  to  do  with  red  lead, 
in  the  courfe  of  my  late  experiments,  I  had  the 
curiofity  to  try  what  would  be  the  effedt  of  that 
procefs  by  which  the  grey  calx  of  lead  is  con- 
verted into  red  lead.  The  fimple  calcination 
of  lead,  I  knew  to  be  the  difcharge  of  phlogif- 
ton,  by  which  the  air  contiguous  to  it  is  dimi- 
nifhed ;  and,  as  far  as  I  have  had  an  opportu- 
nity of  obferving,  the  continuance  of  the  fame 
procefs,  by  which  the  grey  calx  is  converted 
into  red  lead,  is  of  the  fame  nature,  viz.  a  far- 
ther difcharge  of  phlogiflon,  and  confequently 
a  diminution  of  the  air.  For  I  threw  the  fo- 
cus of  a  burning  lens  upon  a  fmall  quantity 
N  4  of 
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of  the  grey  calx  of  lead,  placed  under  a  re* 
ceiver  Handing  in  water  •,  and  though  this  ope- 
ration did  not  make  it  abfolutely  red  lead,  it 
gave  it  a  reddilh  tinge ;  and  I  found,  by  the 
tefr  of  nitrous  air,  that  the  air  in  which  the 
experiment  was  performed  was  confiderably 
injured,  being  not  nearly  fo  much  afFeded  by 
nitrous  air  as  common  air  is. 

As  common  air  contains  a  confiderable  pro^ 
portion  of  fixed  air,  I  was  defirous,  from  the 
time  that  I  began  my  experiments  on  air,  to 
extract  the  fixed  air  from  a  given  quantity  of 
atmofpherical  air,  to  fee  what  it  would  be  when 
deprived  of  that  ingredient.  I  had  found,  in- 
deed, that  fixed  air  is  precipitated  from  com- 
mon air  in  phlogiftic  procefies,  and  efpecially 
by  the  eleftric  fpark  >  but  this  is  a  complex 
"  procefs  ;  fpr  at  the  fame  time  that  fixed  air  is 
difcharged,  phlogifton  is  received  by  the  air. 
But  nothing  that  I  have  yet  thought  of  has  fuc- 
cceded  fimply  to  extract  the  fixed-  air, 

As  quicklime  has  a  great  affinity  with  fixed 
air,  I  thought  it  poflible  that  confining  a  large 
quantity  of  quicklime  in  a  fmall  quantity  of 
^ir  might,  in  time,  produce  fome  effeft  of  this 
kind  i  but  the  experiment  did  not  anfv^er, 
|:hough  I  crowded  a  great  number  of  fmall 
.pieces  of  the  bed  quicklim.ethat  I  could  procure, 

JntQ 
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into  a  phial,  which  I  left  inverted  in  a  bafon  of 
quickfilver  a  whole  week.  It  did  not  appear 
that  the  inclofed  air  was  at  all  fenfibly  affeded. 
Had  it  been  fo  in  the  fmalleft  degree,  I  fhould 
have  repeated  the  procefs,  and  have  allowed  it 
more  time. 

Having  difcovered  that  vegetation  reftores, 
to  a  confiderable  degree  of  purity,  air  that  had 
been  injured  by  refpiration  or  putrefadtion ; 
and  alfo  that  agitation  in  water  produces  the 
fame  efFed,  I  conjedured  that  the  phlogiftic 
matter,  abforbed  by  the  water,  might  be  im- 
bibed by  plants,  as  well  as  form  other  combi- 
nations with  fubftances  under  the  water.  A 
curious  fa(5b,  which  has  fmce  been  communi- 
cated to  me,  very  much  favours  this  fuppo- 
fition. 

Mr.  Garrick  was  fo  obliging  as  to  give  me 
the  firft  intimation  of  it,  and  Mr.  Walker, 
the  ingenious  author  of  a  late  Englifh  Didion- 
ary,  from  whom  he  received  the  account,  was 
pleafed  to  take  fome  pains  in  making  farther 
inquiries  into  it  for  my  ufe.  He  informed 
me  that  Mr.  Bremner,  who  keeps  a  mulic-fhop 
oppofite  to  Somerfet-houfe,  was  at  Harwich, 
waiting  for  the  packet  j  and  obferved  that  a 
refervoir  at  the  principal  inn  was  very  foul  on 
jhc  fides.     This  made  him  afk  the  inn-keeper 

why 
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why  he 'did  not  clean  it  out  ^  who  immediately 
aniwered,  that  he  had  done  fo  once,  but  woulcj 
i>ot  any  more  ;  for  that  after  cleanfing  the  r.e- 
fervoir,  the  water  which  was  caught  in  it  grew 
fetid,  and  unfit  for  ufe  j  and  that  it  did  not  re- 
cover its  fweetnefs  till  the  fides  and  bottom  of 
the  reiervoir  grew  very  foul  again.  Mr.  Wal- 
ker queftioned  Mr.  Bremner,  whether  there 
were  any  vegetables  growing  at  the  fides  and 
bottom  of  it ;  but  of  this  he  could  not  be  po- 
fitive.  However,  as  he  faid  it  was  covered 
with  2l green  fiihfiance,  which  is  known  to, be  ve- 
getable matter  (and  indeed  nothing  elfe  could 
well  adhere  to  tYitfides^  as  well  as  to  the  bot- 
tom of  the  refervoir)  I  think  it  will  be  deemed 
probable,  that  it  was  this  vegetating  matter 
that  preferved  the  water  fweet,  imbibing  the 
phlogiftic  matter  that  was  difcharged  in  its  ten- 
dency to  putrefadion. 

I  Ihall  be  happy,  if  the  mention  of  this  fadb 
fliould  excite  an  attention  to  things  of  this  na- 
ture. Trifling  as  they  feem  to  be,  they  have, 
in  a  philofophical  view,  the  greateft  dignity 
and  importance;  ferving  to  explain  fome  of 
the  moil  ftriking  phenomena  in  nature,  refpe6l- 
ing  the  general  plan  and  conftitution  of  the 
fyftem,  and  the  felation  that  one  part  of  it  bears 
to  another. 

SEC- 


Of  the  Fluor  Acid  Air >  iS^ 

SECTION    XL 

Of  the  Fluor  Acid  Air. 

The  philofophical  part  of  the  world  have, 
of  late,  been  highly  gratified  by  the  difcovery 
of  what  was  imagined  to  be  a  new  mineral  acid^ 
contained  in  a  fubftance  which  the  chymifts 
diftinguilh  by  the  name  oi  fluor-y  but  many 
of  my  readers  will  imderftand  me  better,  when 
I  inform  them,  that  it  is  of  that  fpecies  of  fub- 
ftance, which,  with  us,  is  called  the  DerbyJJjire 
fpar  ;  and  of  which,  at  prefent,  vafes  and  other 
ornaments  for  chimnies,  are  ufually  made.  The 
acid  is  expelled  from  this  fubftance  by  oil  of 
vitriol,  and  has  peculiar  properties,  as  remark- 
able as  any  of  the  other  three  mineral  acids 
which  we  were  acquainted  with  before. 

This  curious  difcovery  was  made  by  Mr. 
Scheele,  a  Swede ;  from  which  circumftance  the 
acid  is  often  diftinguifhed  by  the  name  of  the 
Swedijh  acid.  His  method  of  operating  upon 
this  fubftance,  and  likewife  that  of  all  who 
have  fucceeded  him  in  the  inquiry,  was  to  dif- 
til  it  in  glafs-veflels,  as  in  the  procefs  of  mak- 
ing fpirit  of  nitre  from   falt-petre  •,    and  the 

moft 
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mofl  remarkable  fads  that  have  been  obferved 
concerning  it  are,  that  the  veflels  in  which  the 
diftillation  is  made  are  apt  to  be  corroded  •,  fo 
that  holes  will  be  made  quite  through  them  ; 
and  that  when  there  is  water  in  the  recipient, 
the  furface  of  it  w;ili  be  covered  with  a  cruft, 
of  a  friable  ftony  matter. 

This  crufV,  which  I  fliall  diftinguifh  by  the 
name  of  the  jluor  crujl^  Mr.  Scheele  fuppofed 
to  be  quartz  j  and  therefore  concluded  that  this 
acid  and  v/ater  were  the  conftituent  parts  of 
that  foflil.  On  the  other  hand,  Mr.  Boulan- 
gcr,  who  has  taken  a  great  deal  of  pains  with 
this  fubjed:,  is  of  opinion  that  this  new  acid 
is  only  the  acid  of  fait  ^  combined  with  an  earthy 
fubftance.  For  this  opinion  he  advances  va- 
rious reafons  5  but  does  not  pretend  to  be  able 
to  produce  any  decifive  proof.  The  refult  of 
my  own  experiments,  I  think,  clearly  prove, 
that  the  fluor  acid  is  the  acid  of  vitriol^  charged 
with  fo  much  phlogifton  as  is  neceflary  to  its 
taking  the  form  of  air,  and  alfo  with  much  of 
the  earthy  matter  of  the  fpar. 

As  foon  as  I  had  exhibited  one  of  the  acids 
in  the  form  of  air^  I  had  no  doubt  but  that  all 
the  acids  might  be  exhibited  in  the  fame  man- 
ner, and  this  among  the  reft  j  but  I  imagined 
that  I  ihould  find  great  difficulty  in  procuring 

the 
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the  folTil  that  contains  it  •,  fuppollng  that  it  had 
only  been  found  in  Sweden  •,  and  I  fhould  pro- 
bably have  continued  in  this  incapacity  for  mak- 
ing the  following  experiments,  had  I  not  been 
relieved  by  Mr.  Woulfe,  who,  upon  my  in- 
quiry concerning  it,  not  only  explained  to  me 
what  the  fubftance  was,  but  immediately  fur- 
nilhed  me  with  a  quantity  of  feveral  kinds  of 
it,  fufficient  for  my  purpofe.  That  with  which 
my  firfl  experiments  were  made,  was  that  v/hich 
he  called  the  white  phofphoric  fpar^  from  Saxony  \ 
but  afterwards  I  made  ufe  of  the  Derbylhire 
jlpar  J  and  the  pieces  that  I  had  by  me  were 
partly  white,  or  yellowilh,  and  partly  purple. 

All  my  advantage  in  the  inveftigation  of 
this  fubjedl,  has  arifen  from  my  peculiar  man- 
ner of  conducing  the  experiments.  For,  by 
exhibiting  the  acid  in  the  form  of  air,  free 
from  all  moifture,  I  had  an  opportunity  of 
examining  its  nature  and  affinities  with  the 
greateft  eafe  and  certainty..  In  this  manner 
alfo,  this  fpecies  of  air  exhibits  a  variety  of 
ftriking  phenomena,  which  cannot  be  produced 
in  any  other  manner  of  operating  upon  it. 

When  I  began  thefe  experiments,  I  followed 
the  direfbions  given  by  thofe  who  had  gone  be- 
fore me  in  the  inveftigation  of  this  fubjeft,  and 
who  had  procured  the  acid  in  the  common  me- 
thod 
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thod  of  dlllillation,  pounding  the  fluor  (wfilcff 
I  afterwards  found  not  to  be  necefTary)  and 
pouring  oil  of  vitriol  upon  it.  This  I  did  in 
a  phial,  to  which  was  fitted  a  ground-ftoppld 
and  tube,  and  immediately  found,  that,  at 
firft,  without  any  heat,  and  afterwards  with  a 
very  fmall  degree  of  it,  air  was  produced  in 
great  plenty,  perfedly  tranfparent,  and  con- 
fined by  quickfilver,  like  the  other  acid  airs. 
The  vapour,  as  it  illiied  out  of  the  tube  into 
-the  open  air,  formed  a  permanent  white  cloud ; 
no  doubt,  by  attaching  to  itfelf  the  water  that 
floated  in  the  atmofphere,  and  the  fmell  of  it 
was  extremely  pungent. 

I  had  no  fooner  produced  this  new  kind  of 
air,  but  I  was  eager  to  fee  the  efFed:  it  would 
have  on  tvater,  and  to  produce  the  ftony 
cruft  form_ed  by  their  union,  as  defcribed  by 
Mr.  Scheele ;  and  I  was  not  difappointed  in  my 
expediations.  The  moment  the  water  came 
into  contact  with  this  air,  the  furface  of  it  be- 
came white  and  opake,  by  3.  ftony  film,  which, 
forming  a  feparation  between  the  air  above, 
and  the  water  below  it,  confiderably  retarded 
the  afcent  of  the  water,  till  the  air,  infmuat- 
ing  itfelf  through  the  pores  and  cracks  of  this 
cruft,  the  water  neceffarily  rofe  as  the  air  di- 
miniftied,  and  breaking  the  cruft,  prefented  a 
new  furface  of  water,  which,  like  the  former, 

was 
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was  inftantly  covered  with  a  frefh  cruft.  Thus 
was  one  ftony  incruftation  formed  after  an- 
other, till  every  particle  of  the  air  was  united 
to  the  water,  and  the  different  films  being  col- 
ledied,  and  dried,  formed  a  white  powdery 
fubftance,  generally  a  little  acid  to  the  tafle ; 
but  when  wafhed  in  much  pure  water,  was  per- 
fedlly  infipid. 

Few  philofophical  experiments  exhibit  a 
more  pleafing  appearance  than  this,  which  can 
only  be  made,  by  firft  producing  the  air  con- 
fined by  quickfiiver,  and  then  admitting  a  large 
body  of  water  to  it.  Moll  perfons  to  whom 
1  have  fhewn  the  experiment  have  been  ex- 
ceedingly llruck  with  it.  It  is  exhibited  to  the 
moll  advantage,  when  the  velTel  that  contains 
the  air  is  pretty  wide,  by  which  I  mean  about 
an  inch  in  diameter.  In  this  cafe  the  crufl 
will  often  crack  in  the  middle,  and  a  fmall 
jet  of  water  rulhing  through  the  filTure,  will, 
to  appearance,  be  inftantly  converted  into  this 
flony  fubftance,  and  look  like  a  puff  of  white 
powder,  rifmg  fometimes  an  inch  or  two  up 
into  the  air.  Alfo  the  cryfialUzatio7is,  formed 
on  the  fides  of  the  velTel,  as  the  water  rifes  in 
it,  make  a  very  beautiful  appearance. 

The  union  of  this  acid  air  and  water  may 

alfo  be  exhibited  in  another  manner,  which, 

4  to 
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to  fome  perfons,  makes  a  ftill  more  ftriking 
experiment ;  viz.  by  admitting  the  air,  as  faft 
as  it  is  generated,  to  a  large  body  of  water 
refting  on  quickfilver,  inflead  of  introducing 
the  water  to  the  air  previoufly  formed. 

For  this  purpofe,  I  ufually  put  two  or  three 
ounce-meafures  of  water  into  a  tall  cylindrical 
jar,  about  an  inch  in  diameter  (fuch  as  thofe 
which  I  generally  ufe  as  recipients  of  thofe 
kinds  of  air  that  muft  be  confined  by  quick- 
filver) and  filling  the  remainder  of  the  veflel 
with  quickfilver,  I  place  it  inverted  in  a  ba- 
fon  containing  a  quantity  of  the  fame  fluid  •, 
fo  that  the  water,  immediately  rifing  to  the  top, 
occupies  the  upper  part  of  the  veflel,  while  the 
quickfilver  occupies  the  lower  part.  I  then 
introduce  under  it  the  end  of  the  tube  pro- 
ceeding from  the  phial,  which  contains  the 
materials  for  generating  this  air.  It  is,  then, 
very  pleafing  to  obferve,  that  the  moment  any 
bubble  of  air,  after  pafilng  through  the  quick- 
filver, reaches  the  water,  it  is  inftantly,  as  it 
were,  converted  into  a  flone  ♦,  but  continuing 
hollow  for  a  fhort  fpace  of  time,  generally  rifea 
to  the  top  of  the  water,  in  the  form  of  a  bubble, 
or  a  thin  white  film.  If  the  fuccefTion  of  bub- 
bles be  rapid,  and  they  rife  freely  to  the  top 
of  the  veflel,  through  a  large  body  of  clear 
water  (which,  however,  is  not  always  the  cafe, 

a'. 
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as  they  will  fometimes  adhere  to  the  upper  fur- 
race  of  the  quickfilver)   I  have  met  with  few 
perfons  who  are  foon  weary  of  looking  at  it ; 
and  fonie  could  fit  by  it  almoft  a  whole  hour,' 
and  be  agreeably  amufed  all  the  time. 

Every  bubble  of  air,  coming  into  contadl 
with  the  water  on  every  fide  at  once,  is  like  a 
bladder,  being  hollow  v/ithin  •,  but  this  flight 
crufi:  foon  burfliing,  the  fides  collapfe,  and  it 
rifes  to  the  top  of  the  vefTel,  in  the  form,  of  a 
piece  of  thin  white  gauze  •,  but  the  water  foon 
penetrating  every  part  of  it,  the  whole  m.afs  of 
thefe  films  becomes  in  a  little  time  like  a  jelly, 
which  continually  thickens  by  the  accellion  of 
more  films,  till  at  length  the  whole  body  of 
water  feems  to  become  folid  •,  fo  that,  being 
fully  faturated,  efpecially  at  the  lower  part, 
the  air,  finding  no  more  moifture  within  its 
reach,  will  fill  all  the  lower  part  of  the  vefTel, 
expelling  the  quickfilver,  while  the  water,  in 
tlie  form  of  a  ftiff  jelly,  occupies  all  the  upper 
part  of  the  vefTel. 

As,  for  the  purpofes  to  be  mentioned  here- 
after, I  have  repeated  this  experiment  a  great 
number  of  times,  I  have  had  an  opportunity 
of  obferving  a  very  grest  variety  in  the  ap- 
pearances which  it  exhibits.  One  is  peculi- 
arly pleafing,  but  not  very  common.  A  large 
■    O  bubble 
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bubble  of  air  will  fometimes  adhere,  by  its 
lower  part,  to  the  furface  of  the  quickfilver ; 
and  another  bubble,  rifing  in  the  fame  place, 
before  the  lower  part  of  the  former  has  been 
clofed,  pufhcs  out  the  upper  part  of  it,  and 
advancing  farther  into  the  water,  extends  the 
bubble  in  length  :  another  follows,  and  does 
the  fame,  till  at  length  a  tube  is  formed  (the 
fides  alfo  growing  thicker  continually)  extend- 
ing from  the  quickfilver,  to  the  top  of  the  wa- 
ter. I  have  feen  of  them  four  inches  in  length ; 
and  others  being  formed  clofe  to  them,  the 
whole  velfel  has  been  almoft  filled  with  thefe 
tubes,  adhering  to  one  another,  of  different 
lengths,  and  not  much  unlike  the  appearance 
of  the  pipes  that  are  placed  in  the  front  of  an 


In  lefs  than  an  hour,  I  have  frequently  con- 
verted two  or  three  ounce-meafures  of  water 
into  this  folid  mafs.  When  this  is  taken  out 
of  the  velfel,  and  preffed,  it  will  be  found  -to 
contain  a  great  deal  of  an  acid  liquor;  the 
water  impregnated  with  the  acid  having  been 
intangled  in  the  interftices  of  the  jelly,  out  of 
the  reach  of  the  air  :  and  if  this  liquor  be  ufed 
in  another  procefs,  inftead  of  pure  water,  more 
of  it  will  feem  to  become  folid,  and  the  acid 
liquor  will  be  concentrated  every  time. 

By 
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By  the  repetition  of  this  procefs,  an  acid 
liquor  may  be  procured  of  a  very  confiderable 
degree  of  ftrength.  There  feems,  however, 
to  be  a  limit  to  its  ftrength ;  for  the  acid  is 
exceedingly  volatile,  as  is  evident  from  its  ex- 
tremely pungent  fmell ;  fo  that  I  have^thought 
that  I  gained  nothing  by  repeating  the  procefs 
more  than  eight  or  ten  times ;  becaufe  it  was 
impolTible  to  transfer  the  v/ater  from  one  vefTel 
to  another,  but  more  acid  would  be  loft  by 
evaporation,  than  would  be  acquired  by  an- 
other impregnation  with  the  acid  air. 

Thefe  appearances  I  explain,  by  fuppofmg 
that  the  vitriolic  acid,  in  uniting  with  the  fpar, 
is  in  part  volatilized,  by  means  of  fome  phlo- 
gifton  contained  in  it,  fo  as  to  form  a  vitriolic 
acid  air  •,  and  that  there  is  alfo  combined  with 
this  air,  a  portion  of  the  folid  earthy  part  of 
the  fpar,  which  continues  in  a  ftate  of  folution, 
till,  coming  into  contadl  with  the  water,  the 
fluid  unites  with  the  acid,  and  the  earth  is 
precipitated.  The  reafons  on  which  I  found 
this  opinion  will  appear  in  due  time  \  but  to 
make  my  reader  follow  me,  ftep  by  ftep,  in 
my  analytical  progrefs,  I  muft  firft  acquaint 
him  with  the  obfervations  I  made  upon  this 
acid  air,  in  its  compound  ftate,  before  the 
ftony  matter  was  feparated  from  it.  For  this 
union  makes  it  quite  another  thing,  giving  it 
O  2  peculiar 
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peculiar  properties,  which  are  not  to  be  dif- 
covered  in  the  pure  acid  air,  divefted  of  that 
ftony  matter  •,  and  therefore,  though  it  be  a 
compound,  and  may  be  analyzed  into  its  con- 
Hituent  parts,  it  is  fufficiently  intitled  to  a 
peculiar  appellation,  viz.  that  oi  the  Fluor  add 
air. 

Before  I  proceed  to  relate  any  of  the  expe- 
riments which  I  made  with  this  acid  air,  I 
ihall  give  a  few  direiflions  and  precautions, 
which  may  be  uieful  to  perfons  on  their  firft 
entrance  upon  this  courfe. 

1.  The  tube  through  which  this  acid  va- 
pour is  conveyed  ihould  not  be  very  narrow, 
becaufe  it  is  apt  to  be  furred  up,  efpecially 
when  any  phial,  containing  materials  for  the 
production  of  this  air,  has  been  ufed  fome 
time,  and  with  a  good  deal  of  heat  \  owing, 
I  fuppofe,  to  rhe  hot  air  retaining  in  folution 
more  of  the  ftony  matter  than  it  can  do  when 
it  is  cold,  and  theretore  depofiting  it  as  it  is. 
conveyed  through  tlie  tube, 

2.  I  began  thefe  experiments  with  phial$ 
which  Iiad  ground-floppies  and  tubes,  but 
loon  found  that  it  was  too  expenfive  a  mode 
of  experimenting  with  this  kind  of  airj  for 
they  were  prefently  corroded  and  fpoiled.     Af^ 

terwards, 
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terwards,  therefore,  I  nfed  only  common  phials, 
but  the  thickeft  that  I  could  meet  with  •,  and 
ftill  feldom  found  that  they  would  bear  the  ex- 
periment above  an  hour.  Very  frequently, 
the  thickeft  phials  that  I  could  get  would  be 
worn  quite  through  in  a  quarter  of  an  hour, 
when  the  heat  was  conliderabie,  and  the  pro-! 
duftion  of  the  air  rapid.  This  power  of  dif-r 
folving  glafs  is  a  very  remarkable  property  of 
this  air  j  but  it  leems  to  poflefs  it  only  when 
it  is  hot,    at  le^ft  in  any  confiderable  degree. 

3.  When  I  wifhed  to  produce  this  air  pretty 
faft,  I  found  it  moft  convenient  to  pound  the 
fpar,  and  pour  the  oil  of  vitriol  upon  it,  fill- 
ing one-fourth  of  the  phial  with  the  fpar,  and 
leaving  one-fourth  of  it  for  a  fpace  in  which 
the  bubbles  might  expand  themfelves,  and 
break,  fo  as  not  to  carry  any  of  the  liquor  into 
the  tube.  I  now  proceed  to  the  particular  ex- 
periments. 

Dipping  a  lighted  candle  into  a  vefTei  filled 
with  the  fluor  acid  air,  it  was  extinguifhed 
without  any  particular  colour  of  the  flame, 
which  is  obfervable  in  the  marine  acid  air. 

The  mixture  of  any  other  of  the  acid  airs, 

with  alkalinf  air,  makes  fo  beautiful  an  expex 

rimenr,  that  it  was  naturally  one   of  the  f^rft 

O  3  experiments 
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experiments  I   thought  of  making  with  this 
new  acid  air.     Accordingly,  I  got  the  appear- 
ance that  I  had  expected  •,  a  white  cloud  be- 
ing formed  by  the  union  of  thefe  two  kinds  of 
air.     But  the  alkaline  air  did  not  mix  fo  rea- 
dily v/ith  this  as  with  the  other  kinds  of  acid 
air  ;  and  which  furprized  me  much  at  the  time, 
the  fait  formed  by  the  union  of  thefe  two  kinds 
of  air  was  not  foluble,  either  in  water  or  fpirit 
of  wine.     But,  in  fa6l,  the  proper y^//  formed 
by  the  union  of  thefe  kinds  of  air  was,    no 
doubt,  diiTolved  in  the  water  \  that  which  re- 
mained undiflblved  being,  as  I  conjedture,  the 
fiony  fuhfiance  only  which  had  been  held  in  fo- 
lution  in  the  acid  air.     This  flony  fubftance, 
being  mixed  with  the  acid  air,  is  alfo  probably 
the  reafon  why  the  alkaline  air  does  not  mix 
fo  readily  with  it  as  with  the  other  kinds  of 
acid  air  ^   fome  time  being  requifite  to  difenr 
gage  it  from  this  flony  fubftance,  in  order  to 
its  uniting  with  the  alkaline  air. 

Nitrous  air,  mixed  with  this  acid  air,  had  no 
fenfible  effed:  upon  it.  Water  abforbed  the 
acid  air,  and  left  the  nitrous  air  polTefTed  of 
its  peculiar  properties. 

Having  afcertained  the  effed  of  water  upon 
this  acid  air,  I  proceeded  to  try  oihtv  fluid  fub- 

fiances. 

Spirit 
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Spirit  of 'Ujine  imbibed  this  air  as  readily  as 
water,  but  continued  as  limpid  as  ever ;  and 
when  fatu rated  with  it,  feemed  to  be  no  lefs 
inflammable  than  before. 

Oil  of  turpentine^  did  not  imbibe  any  of  this 
air. 

Vitriolic  ether  imbibed  about  twenty  times 
its  own  bulk  of  it ;  but  was  not  fenfibly  chan- 
ged by  the  impregnation.  The  cafe  was  the 
fame  with  nitrous  ether.  But  the  firft  time  that 
I  made  the  experiment  with  nitrous  ether,  I 
imagine  a  little  water  was  mixed  with  it  (as 
much  as  thofe  fubflances  are  capable  of  being 
mixed)  for  it  coagulated  as  water  had  done, 
remaining  in  the  middle  of  the  tube,  the 
acid  air  being  both  above  and  below  it.  This 
mafs  of  coagulated  matter  ;  which  in  colour 
and  confiftence  refembled  a  brown  jelly,  being 
taken  out  of  the  vefl^el,  did  not  take  fire  at 
the  approach  of  a  candle  ;  but  when  it  had 
been  expofed  to  the  air  about  half  a  minute, 
it  grew  hot,  threw  out  a  grofs  fmoke,  and  was 
prefently  all  evaporated.  Part,  however,  of 
the  fame  mafs,  v/hich  had  been  dipped  in  wa- 
ter, did  not  grow  hot,  or  evaporate,  in  the 
open  air  ;  and  when  expofed  to  the  lire,  it 
burned  to  a  white  powdery  fubftance.  I  ima- 
gine this  efFe(5l  to  have  been  owing  to  a  mix- 
O  4  ture. 
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ture  of  water  ;  becaufe,  with  pure  nitrous  ether, 
I   could   not  get   another  appearance  of  the 

kind.  -   .         ,  .... 

Oi  foil d  fuh fiances^  I  found  that  this  air  had 
no  effeft  upon  brimftone,  common  fait,  fal  am- 
moniac,  iron^  liver  of  fulphur^  or  gum-lac. 

Charcoal  abforhed  the  whole  of  a  quantity 
of  this  air,  and  contraded  from  it  a  ftrong 
pungent  fmell.  The  ruji  of  iron  alfo  abforbed 
it  in  like  manner. 

Alur/i  abforbed  this  air  pretty  fail,  the  fur- 
face  of  it  being  rendered  white  and  opake. 
When  it  was  taken  out  of  the  air,  it  looked 
moid,  and  was  incapable  of  the  operation  of 
roafling,  like  that  which  had  been  expofed  to 
alkaline  air.  This  air  having,  no  doubt,  like 
the  other,  feized  upon  the  water  which  enters 
into  the  compofitioh  of  alum. 

^ickhne  and  chalh,  both  abforbed  a  little  of 
this  acid  air ;  but  the  refult  was,  in  no  refped^t, 
remarkable.  The  latter  had  been  difToIved  by 
it,  and  had  produced  a  quantity  of  fixed  air, 
precipitating  lime  in  lime-water. 

In  order  to  judge  whether  there  was  any  foun- 
dation for  the  opinion  of  Mr.  Eouknger,  of  this 

acid 
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acid  being  the  fame  v/ith  the  marine^  I  put  to 
it  a  piece  of  falt-petre,  which  I  have  obferved 
to  be  readily  diffolved  in  the  marine  acid  air ; 
and  I  muft  own  that  appearances  fo  much  fa- 
voured his  opinion,  that  I  was  at  that  time 
very  much  inclined  to  adopt  it. 

When  the  falt-petre  had  been  for  fome  time 
furrounded  with  this  air,  the  air  began  to  be 
diminiilied,  and  the  infide  of  the  veffel  was 
filled  with  red  fumes,  which  continued  about 
a  week,  the  quickfilver  rifmg  all  the  time, 
till  only  one-tenth  of  the  air  remained,  and 
the  infide  of  the  veffel  was  covered  with  a 
whitifli,  probably  a  faline  fubftance,  produced 
by  the  folution  of  mxrcury.  After  this,  the 
air  becoming  tranfparent,  I  examined  it,  and 
found  it  neither  to  affe6t  common  air,  nor  to 
be"  affected  by  nitrous  air,  and  to  extinguifli  a 
candle.  Aifo,  about  one-fourth  of  it  was 
readily  abforbed  by  water,  and  made  lime- 
water  turbid  ;  fo  that,  contrary  to  my  expec- 
tation, a  great  part  of  the  air  muft  have  been 
fixed  air,  and  not  nitrous.  This  experiment 
I  did  not  repeat ;  but  it  feems  to  exhibit  a  faft 
deferving  particular  attention,  in  the  invefti- 
gation  of  the  nature  of  fixed  air. 

I  though^t  it  might  poffibly  contribute  to  de- 
cide the  queftion  concerning  the  identity  of 

this 
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this  acid  and  the  marine,  if  I  put  a  quantity 
of  xhtfiuor  cruft  to  marine  acid  air  j  thinking 
that  they  might  form  an  union,  and  conftitute 
this  fiuor  acid  air :  and,  indeed,  fometliing 
fimilar  to  it  was  by  this  means  produced  \  fo 
that  another  crufu  was  formed  upon  the  admif- 
iion  of  water  to  it ;  but,  in  other  refpeds, 
feveral  circumftances,  which  I  cannot  explain, 
attended  the  experiments.  They  were  as  fol- 
lows. 

To  about  two  ounce-meafures  of  marine  acid 
air  1  put  about  a  quarter  of  a  grain  of  the 
fluor  cruft,  and  in  about  three  days  it  had  ab- 
forbed  about  half  an  ounce  meafure  of  the  air. 
Water  being  then  admitted  to  it,  left  a  quarter 
of  an  ounce-meafure  of  air  unabforbed. 

Afterwards  I  conveyed  marine  acid  air  to  a 
pretty  large  quantity  of  the  fluor  cruft,  con- 
fined by  quickfilver  •,  and,  as  the  air  was  im- 
bibed, I  continued  to  throw  up  more,  till,  af- 
ter three  or  four  days,  that  fubftance  feemed  to 
be  fully  faturated  with  the  air.  Then  admit- 
ting water  to  it,  it  was  abforbed  exadly  like 
the  fluor  acid  air  :  but  I  could  not,  at  that 
time,  very  well  diftinguifli  the  cruft  on  the  top 
of  it,  on  account  of  the  jar  being  almoft  filled 
with  the  cruft,  and  part  of  it  floating  on  the  top 
C'f  the  water.  About  three-fourths  of  this  air 
4  was 
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was  abforbed  by  the  water  -,  but  what  I  thought 
very  remarkable,  air  kept  iffuing  from  this 
fiuor-cruft,  in  large  bubbles,  till  the  quantity 
of  air  was  doubled,  and  the  jar  was  half-filled 
with  it.  This  air  neither  affeded  common 
air,  nor  was  affefted  by  nitrous  air,  and  it  ex- 
tinguifhed  a  candle. 

I  repeated  the  experiment,  with  this  only 
difference,  that  I  admitted  v/ater  to  the  air  as 
foon  as  the  fluor-cruft  ieemcd  to  be  faturated  ; 
when  the  experiment  being  made  in  a  wide 
jar,  the  cruft  on  the  furface  of  the  water  was 
as  vifible  as  in  the  experiment  with  the  fluor 
acid  air  itfelf.  At  this  time,  however,  there 
was  no  generation  of  air  from  the  faturated 
cruft,  as  before,  but  a  confiderable  quantity 
of  air,  unabforbed  by  water,  though  I  took 
care  that  the  marine  acid  air  was  as  pure  as  I 
could  procure  it. 

Having  a  quantity  of  the  fluor-cruft  fatu- 
rated with  marine  acid  air,  I  had  the  curiofity 
to  pour  fome  oil  of  vitriol  upon  it,  in  order  to 
try  whether  the  produce  would  be  pure  marine 
acid  air,  or  a  mixture  of  the  two ;  and  the  lat- 
fer  feemed  to  be  the  cafe,  though  I  think  the 
marine  acid  prevailed  in  the  mixture. 

In 
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In  this  procefs  air  was  produced  in  great 
plenty,  and  the  bubbles  burft  in  the  receiver 
with  a  white  cloud  •,  but  v/hen  water  was  ad- 
mitted to  it,  it  was  abforbed  without  any  cruft 
being  formed  upon  its  furface.  In  twenty-four 
hours  a  piece  of  falt-petre  turned  yellow  in  this 
air,  and  abforbed  about  half  an  ounce-meafure 
of  it.  What  remained  unabforbed  by  water, 
was  exceedingly  ftrong  nitrous  air,  the  fpirit 
of  nitre  having  been  let  loofe  from  the  falt- 
petre  by  the  marine  acid  air,  and  having  dif- 
folved  the  quickfilver. 

A  piece  of  horay:^  in  about  a  fortnight,  ab- 
forbed about  two  ounce-meafures  of  this  air^, 
without  leaving  any  refiduum  not  abforbed  by 
water.  The  furface  of  the  borax  was  become 
foft ;  but  by  wafhing  it  in  water,  the  foft  part 
was  eafily  feparated  from  the  reft. 

At  the  very  beginning  of  my  inveftigation 
of  this  fubjed,  I  had  a  fufpicion  -that  this  new 
acid  air  might  poiTibly  be  the  vitriolic  'acid  air^ 
loaded  with  the  fparry  cruft  •,  but  not  fucceed- 
ing  in  the  experiments  which  I  thought  muft 
have  decided  the  queftion,  I  quitted  that  hy- 
pothelis  for  fome  time.  The  experiments  were 
thefe. 

I  threw 
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I  threw  the  focus  of  a  burning  lens  upon 
fome  pieces  of  the  fpar  in  vitriolic  acid  air,  con- 
fined by  quickfilver ;  thinking,  that  when  it 
was  hot,  it  might  dilTolve  fome  part  of  it,  and 
thereby  become  the  fam^  thing  with  the  fliior 
acid  air.  But  though  I  continued  this  opera- 
tion till  the  fpar  fmoked,  and  filled  the  vefiel 
with  a  white  fume,  there  was  neither  any  ad-, 
dition  made  to  the  quantity  of  air,  nor  any 
change  produced  in  the  quality  of  it.  When 
v/ater  was  admired  to  it,  no  crufb,  as  I  had 
expected,  was  formed  on  the  furface  of  it. 

In  order  to  try  whether  the  fluor  cruft  wa3 
the  fame  thing  with  the  fpar,  from  which  it 
had  been  produced,  I  got  a  quantity  of  it,  and 
treated  it  in  the  fame  manner  as  I  had  treated 
the  fpar,  pouring  oil  of  vitriol  upon  it,  and 
endeavouring  to  expel  air  from  it.  I  prefently 
found,  indeed,  that  it  yielded  great  plenty  of 
air ;  but  not  finding  it  to  be  the  thing  I  was 
then  in  queft  of,  viz.  an  acid  air,  by  means  of 
which  a  cruft  would  be  formed  on  the  furface 
of  the  water  admitted  to  it,  I  neglected  to  give 
fufficient  attention  to  it,  or  I  might  have  been 
led  to  fufpedt  that  this  fluor-cruft,  like  the 
fluor  itfelf,  cont^in$  fo  much  phlogifton,  as, 
by  incorporating  v/ith  the  oil  of  vitriol,  to  en- 
able it  to  affume  the  form  of  air,  and  become 
t,he  vitriolic  ^cid  air  j  though  the  earthy  matter, 

not 
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not  incorporating  with  it,  it  could  not  become 
the  fiuor  acid  air. 

Water  admitted  to  this  acid  air,  procured 
from  the  lluor-cruft  by  oil  of  vitriol,  ablbrbed 
it  all,  but  without  having  any  cruft  upon  its 
furface. 

Alkaline  air  united  with  the  whole  of  this 
acid  air,  forming  with  it  a  white  faline  fub- 
ftance ;  and  part  of  the  infide  of  the  tube  in 
which  the  mixture  was  made,  was  tinged  with 
a  deep  yellow,  or  orange-colour,  which  difap- 
peared  after  a  few  hours  expofure  to  the  open 
air.  This  I  have  obferved  to  be  the  cale  with 
the  vitriolic  acid  air. 

This  air  did  not  at  all  Ti'Rzdi  faU-fctre  or 
horaic. 

Had  I,  however,  profecuted  thefe  experi- 
ments farther,  and  have  found,  as,  I  doubt 
not,  I  fliould  have  done,  that  this  acid  air, 
procured  by  oil  of  vitriol  from  the  fluor-cruft, 
was  genuine  vitriolic  acid  air,  it  would  have 
proved  no  more  than  that  this  fiuor-cruft  con> 
tains  phlogifton,  and  in  fuch  a  ftatc  as  to  com- 
bine with  oil  of  vitriol  by  heat,  and  enable  it 
to  take  the  form  of  air.  They  would  not  have 
proved,  that  the  air  procured  from  the  fluor 

iti^lf 
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itfelf  was  of  that  nature :  for  it  might  have 
been  faid,  that  the  peculiar  acid  of  the  fluor 
had  been  expelled  before. 

To  make  the  experimentum  cruets  in  this  cafe, 
I  faturated  a  quantity  of  water  with  the  fluor 
acid  air,  prefTmg  out  the  llony  matter  with 
which  it  was  filled  at  each  procefs,  and  im- 
pregnating it  over  and  over  again.  When 
it  appeared  to  be  fufficiently  impregnated  for 
my  purpofe,  I  put  the  liquor  into  a  phial, 
furnifhed  with  a  proper  tube  and  recipient, 
fuch  as  is  reprefented  plate  II.  fig.  8.  vol.  I. 
to  receive  any  of  the  watery  part  that  might 
be  expelled  by  heat  -,  and  applying  the  flame 
of  a  candle,  I  prefently  got  from  it  great 
plenty  of  air  -,  which,  by  every  tefl:  that  1  could 
think  of  applying,  appeared  to  have  the  very 
fame  properties  with  the  vitriolic  acid  air,  of 
which  an  account  was  given  in  the  firft  {ac- 
tion of  this  volume. 

The  air  thus  expelled  from  thfs  acid  liquor 
was  abforbed  by  water,  without  any  cruft  on 
the  furface  of  it. 

When  alkaline  air  was  admitted  to  it,  the 
fides  of  the  veflcl  were  tinged  with  the  orange- 
colour  mentioned   above,  which  vanillied  in 

about 
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about  an  hour  after  it  had  been  expofed  to  the 
open  air. 

This  air  had  no  effeft  upon  fatt-petrs  -,  i. 
piece  of  which  continued  in  it  about  a  fort- 
night i  nor  yet  upon  brimftone^  alum^  or  fal- 
ammoniac. 

Liver  of  ftdphur  abforbed  it,  without  under- 
going any  fenfible  change. 

This  air  extinguiHied  a  candle,  without  any 
particular  colour  of  the  flame. 

Camphor  was  diiTolved  in  this  air,  exa6lly 
as  it  is  in  vitriolic  acid  air. 

In  thefe  properties  this  acid  air  will  be 
found,  by  comparifon,  to  agree  with  the  vitrio- 
lic acid  air;  as  alfo  in  the  two  following, 
which,  as  far  as  I  know,  are  peculiar  to  this 
fpecies  of  air. 

Phlogifbon,  as  I  have  obferved,  •  is  contained 
in  vitriolic  acid  air,  and  in  fuch  a  manner  as 
to  be  communicated  by  it  to  the  common  air* 
with  which  it  is  mixed,  and  thereby  to  phlo- 
giflicate  or  injure  it.  And  an  equal  quantity 
of  this  acid  air,  and  common  air,  having  been 
mixed,  and  left  together  twenty-four  hours, 
the  common  air  appeared  to  be  fo  far  injured, 
I  that 
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that  two  meafures  of  it,  and  one  of  nitrous 
air,  occupied  the  fpace  of  fomething  more  than 
two  meafures. 

The  ele5lric  /park  has  a  very  remarkable 
efFe6t  upon  the  vitriolic  acid  air,  or  rather 
upon  the  glafs-tube  in  which  the  experiment 
is  made,  as  will  be  particularly  noted  hereafter ; 
for  a  fmgle  explofion  covers  all  the  infide  fur- 
face  with  a  deep  brown  or  black  matter,  and 
the  glafs  grows  more  opake  every  flroke.  This 
very  fmgular  and  ftriking  effedl  has  the  electric 
fpark  taken  in  the  air  expelled  from  this  acid 
liquor. 

After  I  had  made  this  experiment,  I  had  no 
doubt,  but  that  thefe  two  kinds  of  air,  viz.  the 
vitriolic  acid  and  th&fluor  acid,  are,  in  reality, 
the  fame.     It  is  polTible,   however,   that  there 
may  be  fome  fmall  difference  between  them, 
in  confequence  of  the  air  from  this  acid  liquor 
ftill  containing  fome  portion  of  the  earth  of 
the  fpar.     I  conjefture  that  it  does  ;   becaufe, 
towards  the  end  of  the  experiment,  when  the 
liquor  was  made  to  boil  with  violence,   the  in- 
fide of  the  tube  immediately  connecfled  with  it, 
was  filled  with  a  fl:ony  matter.      It  happened 
twice  in  the  courfe  of  the  above  mentioned  ex- 
periments, that  the  tube  was  quite  flopped  up 
P  by 
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by  this  means,  fo  as  to  caufe  the  explofion  of 
the  phial. 

Laftly,  I  would  obferve,  that  the  tajie  of 
this  acid  liquor  affords  a  ilrong  prclumption, 
that  the  acid  which  enters  into  it  is  the  vitrio- 
lic ;  for  it  has  exactly  the  aftringency  of  alum. 

That  the  fluor  contains  phlogifton,  is  evi- 
dent, from  the  attempts  that  I  made  to  procure 
dephlogifticated  air  from  it,  by  means  of  fpi- 
rit  of  nitre  •,  for  the  air  that  I  got  from  it  was 
always  phlogifticated,  and  fometimes  even  ni- 
trous. 

At  firll  I  made  this  experiment  by  putting 
the  materials  into  a  phial  with  a  ground-ftopple 
and  tube,  and  applying  the  heat  of  a  candle 
only.  The  air  I  got  in  this  manner  neither  af- 
feded  common  air,  nor  was  affeftcd  by  nitrous 
air.  I  then  put  the  fame  apparatus  into  a  cru- 
cible ;  and,  with  a  ftrong  land-heat,  I  got  from 
it  about  two  ounce-meafures  of  air,  in  four 
portions.  The  firfl  of  thefe  was  exactly  like 
the  preceding,  being  phlogifticated  air ;  the 
fecond  made  lime-water  turbid,  and  a  great 
part  of  it  was  readily  abforbed  by  water  :  the 
third  and  fourth  portions  were  very  ftrong  ni- 
trous air. 

This 
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This  experiment  was  made  with  the  whitlfli 
part  of  this  fpaf,  which  therefore  probably 
contains  the  ieaft  phlogifton.  That  phlogif- 
ton  which  contributes  to  the  colour  of  this  fof- 
fil,  i  found, .  by  the  following  obfervation,  to 
be  of  a  very  volatile  nature.  When  the  co- 
loured fpaf  is  diflblved  in  oil  of  vhrioJ,  the 
fluor-cruft,  dollefted  in  the  water,  ha^  the 
fame  colour;  bufwhen  it  is  dried- near  the 
fire,  the  colour  vanlfhes,  and  the  whole  be- 
comes white  :  yet  this  white  cruft,  heated  again 
in  oil  of  vitriol,  contains,  as  was  obferved  be- 
fore, fo  much  phlogifton,  as  to  convert  oil  of 
vlfriol  into' vitriolic  acid  air. 

The  air  expelled  from  this  acid  liquor  did' 
liot  dlfTolve  the  fluor-cruji  that  was  expofed  to 
it.  A  quantity  of  it  remained  in  this  fituation 
feveral  days,  without  affefting  it,  or  being  af- 
fected by  it.  I  had  imagined  that  it  might 
have  been  dlffolved  by  this  air,  and  have  con- 
verted it  into  the  fluor  acid  air. 

Oil  of  turpentine  abforbed  about  ten  times 
its  bulk  of  this  air,  and  became  of  ari  orange- 
colour.  After  this  impregnation  it  had  a  pun- 
gent acid  fmell,  together  with  its  own.  I  ob- 
lerved  nothing  farther  refpeding  it. 

P  2  ReflefVing 
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Refiefting  upon  the  phofphoric  property  of 
the  fpar,  by  rweans  of  which  I  had  procured 
this  acid  air,  I  thought  it  was  pofiible  that 
its  property  of  enabling  oil  of  vitriol  to  yield 
this  air,  might  be  common  to  it  with  other 
fimilar  phofphoric  fubftances,  depending  upon 
that  combination  of  phlogifton  which  enables 
them  to  imbibe  and  emit  light. 

In  order  to  afcertain  this,  with  refpeft  to  one 
other  fubftance  of  this  kind,  I  made  a  quan- 
tity of  Mr.  CantoTt's  phofphorus^  and  pouring 
upon  it  fome  oil  of  vitriol,  I  got  air  that  was 
readily  abforbed  by  water,  and  with  a  cruft 
u'pon  its  furface,  exaftly  like  that  which'  is 
procured  from  the  fluor,  only  not  in  fo  great 
a  quantity.  The  effervefcence  between  this 
fubftance  and  the  oil  of  vitriol  was  very  great, 
and  alfo  the  heat  occafioned  by  it;  and  the 
vapour  efcaping  into  the  common  air,  was 
white  and  denfe,  much  like  the  vapour  of  the 
fiuor  acid. 

I  fhall  conclude  this  fe6lion  with  obferving, 
that  the  oil  of  vitriol  in  which  the  fluor  is  dif- 
folved,  becomes  thick,  like  ice,  exadly  like 
the  oil  of  vitriol  in  which  quicklime  has  been 
boiled,  as  v/ill  be  particularly  noticed  here- 
after. 

SEC- 
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SECTION    XIL 

Experiments  and  Ohfervations  relating  to  Fixed 
Air.  , 

Fixed  air  was  the  firft  fpecies  of  air  that  was 
difcovcred,  diftinft  from  common  air ;  much 
has  been  done  towards  the  inveftigation  of  its 
properties,  and  feveral  capital  ufes  have  been 
made  of  it.  There  is  ftill,  however,  great 
difference  of  opinion  among  philolbphers  con- 
cerning it ;  and^  in  a  variety  of  refpeds, 
much  remains  to  be  done  towards  compleat- 
ing  our  knowledge  of  it,  and  efpecially  of  il;s 
relation  to  the  other  acids  with  which  we  are 
acquainted.  I  cannot  fay  that  I  have,  of  late, 
given  much  attention  to  this  kind  of  air ;  but 
feveral  things  have  occurred  to  me  in  the  courfe 
of  the  experiments  already  recited,  and  others, 
which  tend  to  throw  a  little  light  upon  the 
fubjed ;  and  a  few  more  obfervations  and  ex- 
periments, not  conneded  with  them,  I  have 
referved  for  this  feparate  fedtion. 

Having  been  informed  by  a  correfpondent 

in  Italy,  that  air,  expelled  from  lime-ftone, 
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by  means  of  Keat,  v/ould  not  acidulate  water  ; 
from  which  he  concluded  that  its  acidity,  and 
even  its  fubllance,  v/as  derived  from  the  oil  of 
vitriol  employed  in  the  produ(5bion  of  it:  I 
filled  a  tali  glafs-vefiel,  reprefented  fig.  ^,  with 
powdered  chalk,  and  with  a  ftrong  fand-heat, 
expelled  from  it  a  confiderable  quantity  of  air, 
which  appeared  to  me  to  be  abforbed  by  water, 
exa6lly  like  fixed  air;  the  ufual  proportion 
only  remaining  unabforbed.  It  alfo  precipi- 
tated lime  in  lime-water  ;  fo  that  without  im«, 
pregnating  water  with  it,  fo  as  to  tafte  of  it,  I 
entertained  no  doubt  of  its  being  genuine  fixed 
air,  and  having  all  the  properties  of  the  air 
that  is  expelled  from  chalk  by  oil  of  vitriol. 
Mr.  Bewley,  as  the  reader  will  fee  in  my  Ap-' 
pendix,  alfo  found  that  fixed  air,  procured  by 
means  of  heat  only,  changed  the  blue  colour  of 
water  (tinged  witli  the  juice  of  turnfoie)  tq 
red. 

Air  from  wood  and  charcoal,  alfo,  is  un- 
doubtedly fixed  air,  though  no  acid  be  em- 
ployed to  expel  it,  and  it  be  mixed  with  in- 
flammable air.  I  received  air,  expelled  by 
heat,  from  two  ounce-meafures  of  charcoal  in 
a  tall  glafs-veffel,  fig.  d^  in  three  parts,  each 
containing  about  a  pint ;  and  obferved,  that 
in  every  part  of  the  procefs  the  air  made  lim^- 
lyater  turbid.     But  there  %vas  more  fixed  air  in 
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the  firll  portion  than  afterwards ;  for  about 
one-fourth  only  of  the  firft  portion  remained 
unabforbed  by  water ;  but  of  the  tecond  and 
third  portions  one-half  nearly  was  unab- 
forbed.    The  refiduum  was  inflammable.   . 

When  heat  can  expel  no  more  fixed  air  from 
charcoal,  it  fliould  feem  that  fpirit  of  nitre  (if 
this  acid  itfelf  be  not  converted  into  fixed  air) 
can  extradb  more  from  it.  For  when  I  dif- 
folved,  in  fpirit  of  nitre,  fome  pieces  of  char- 
coal, which  had  been  made  with  the  flron^eft 
heat  of  a  fmith's  fire,  long  continued,  fo  that 
no  more  air  could  be  expelled  from  them  by 
that  means  -,  part  of  it  was  evidently  fixed  air, 
as  appeared  by  its  precipitating  lime  in  lime- 
water. 

There  are  few  fubllances  in  nature  that  do 
not  contain  fixed  air,  difcoverable  either  by 
heat,  or  by  fome  ftronger  acid.  In  general, 
acids  will  detcft  fixed  air  more  readily  than 
heat ;  but  this  is  not  the  cafe  with  refpecl  to 
clay^  except  when  it  is  ftrongly  heated  in  fpirit 
of  nitre  ;  for  it  makes  no  effcrvefcence  upon 
being  mixed  with  any  of  the  acids  :  but  a  de- 
gree of  heat  fufficient  tt)  bake  the  clay,  evi- 
dently expels  fixed  air  from  it.  In  order  to 
afcertain  this  fad,  I  filled  a  gun- barrel  with 
tobacco-pipe  clay,  and,  putting  it  into  the 
P  4-  fire. 
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fire,  I  received  the  air  that  came  from  it,  ir^ 
feveral  portions  ;  but  the  whole  was  not  more 
than  about  five  times  the  bulk  of  the  clay. 
The  firft  produce  was  inflammable ;  but  after- 
wards the  air  was  fixed,  precipitating  lime  in 
lime-water,  and  being  readily  abforbed  by  wa- 
ter. I  never  met  with  purer  fixed  air  •,  but  I 
had  no  fufpicion  of  this  at  the  time  that  I  pro- 
cured dephlogifticated  air,  mixed  Avith  fixed 
air,  from  clay  made  into  a  pafte  with  fpirit 
pf  nitre. 

It  might  be  queftioned,  whether  the  fixed 
air  contained  in  our  aliments,  can  be  conveyed 
by  the  courfe  of  circulation  into  the  blood,  and 
by  that  means  impregnate  the  urine.  I  have 
found,  however,  that  it  may  do  it ;  having 
more  than  once  expelled  from  a  quantity  of 
frefh-made  urine,  by  means  'of  heat,  about 
one-fifth  of  its  bulk  of  pure  fixed  air,  as  ap* 
peared  by  its  precipitating  lime  in  lime-water, 
and  being  almoft  wholly  abforbed  by  water ; 
and  yet  a  very  good  air-pump  did  not  difcover 
that  it  contained  any  air  at  all. 

It  mull  be  obferved,  however,  that  it  re- 
quired feveral  hours  to  expel  this  air  by  heat ; 
and  after  the  procefs,  there  was  a  confiderable 
whitifh  fediment  at  the  bottom  of  the  veiTel. 
This  was,  probably,  fome  calcai*eous  matter 
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with  which  the  fixed  air  had  been  united  ;  and 
by  this  fixed  air,  the  calcareous  matter,  which 
would  otherwife  have  formed  a  ftone  or  gravel, 
may  have  been  held  in  folution  •,  and  therefore, 
drinking  water  impregnated  with  fixed  air,  may, 
by  impregnating  the  urine,  enable  it  to  difiblve 
calcareous  matters  better  than  it  would  other- 
wife  have  done,  and  may  therefore  be  a  means 
of  preventing  or  diflblving  the  ftone  in  the 
bladder,  agreeable  to  the  propofal  of  my  friend 
Pr.  Percival ;  for  which  fee  the  Appendix. 

That  fixed  air  is  always  contained  in  com- 
mon air,  is  evident  from  many  obfervations, 
and  efpecially  from  the  precipitation  of  it  by 
means  of  nitrous  air,  the  eledlric  fpark,  and 
other  phlogiftic  procefles.  It  is  likewife  con- 
tained in  the  pureft  dephlogifticated  air,  as  ap- 
pears by  mixing  nitrous  air  with  it  in  lime- 
water,  which  is  thereby  rendered  flightly  tur- 
bid. It  has  alfo  been  feen,  that  when  dephlo- 
gifticated air  is  firft  procured,  by  any  procefs 
whatever,  there  is  always  a  confiderable  quan- 
tity of  fixed  air  mixed  with  it.  There  is  the 
leaft  when  it  is  got  from  mercurius  calcinatus 
ferfe\  but  I  have  always  found  fome  when 
the  air  was  expelled  from  this  fubftance  by 
a  burning  lens,  either  in  quickfilver,  or  in 
vacuo. 

In 
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In  the  former  volume  I  have  faid,  that  when 
nitrous  air  is  mixed  with  common  air  that  had 
been  injured  by  fome  phlogiftic  procefs,  and 
rcftored  by  agitation  in  water,  there  was  no 
precipitation  of  fixed  air  j  but  this  muft  have 
been  a  miftake  :  for  1  have  fmce  repeated  that 
experiment  with  the  greateft  care,  and  find  a 
contrary  refult ;  and  I  have  ufed  every  precau- 
tion that  I  could  think  of,  in  order  to  guard 
againft  a  miftake  in  the  procefs  j  particularly, 
left  the  air  upon  which  I  was  operating  fiiould 
receive  a  mixture  of  any  other  kind  of  air  from 
the  water  in  which  it  was  agitated,  I  previoufly 
boiled  the  water  for  feveral  hours,  in  order  ta 
expel  all  its  own  air  from  it. 

Having  done  this,  I  obferved  that,  immedi- 
ately after  the  reftoration  of  the  npxious  air  by 
agitation  in  this  water,  it  always  made  lime- 
water  nightly  turbid  ;  but  this  was  not  the  cafe, 
after  pafling  two  or  three  times  through  the 
lime-water.  When  it  was,  by  this  means,  in- 
tirely  purged  of  fixed  air,  I  admitted  nitrous 
air  to  it  in  lime-water,  and  there  was  a  very 
evident  precipitation  of  lime,  quite  as  much 
as  when  nitrous  air  is  mixed  with  common  air 
that  has  not  been  injured  at  all. 

It  is  not  eafy  to  fay  whence  this  fixed  air 
could  come.     If  all  the  fixed  air  had  been  dif- 
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charged  by  the  firft  phlogiftic  prccefs,  that 
which  appeared  in  the  fecond  muft  either  have 
come  from  the  water,  though  it  had  been  boiled, 
which  I  do  not  think  probable,  or  from  the 
nitrous  air,  which,  though  it  be  inexplicable, 
is  perhaps  lefs  improbable  upon  the  whole. 

Mr.  Cavendifli  obfcrved,  that  a  certain 
portion  of  fixed  air  is  no  more  liable  to  be  ab- 
forbed  by  water  than  common  air.  This,  he 
ilates  at  about  one-Iixtieth  part  of  the  whole. 
J  had  the  curiofity  to  try,  whether,  if  I  fatu- 
rated'  a  quantity  of  water  with  fixed  air,  and 
expelled  it  again  by  heat,  that  very  air  which 
had  a61:ually  been  in  the  water,  would  not  be 
wholly  imbibed  by  frefh  water  •,  and  whether 
I  could  not,  by  this  means,  get  a  purer  kind 
of  fixed  air  than  that  v/hich  is  immediately 
procured  by  means  of  chalk  and  oil  of  vitriol. 
This  experiment  I  made  twice,  v/ith  all  the 
care  that  I  could  apply,  and  found,  in  both 
the  cafes,  that  even  the  fixed  air  which  had  been 
in  the  water,  contained  as  large  a  portion  of 
that  which  would  not  be  imbibed  by  water 
jigain,  as  the  air  which  had  been  immediately 
diflodged  from  chalk  by  oil  of  vitriol. 

In  order  to  be  more  fure  of  this  faft,  I  was 

more  efpecially  careful,  the  fecond  time  that  I 

niade  the  experir^iei^t,  to  \.\{q  every  precaution 
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that  I  could  think  of,  in  order  to  prevent  any 
error  in  the  conclulion.  For  this  purpofe,  I 
took  rain-water,  and  boiled  it  about  two  hours, 
in  order  to  get  it  perfectly  free  froin  air ;  and 
I  began  to  impregnate  it  with  fixed  air  a  long 
time  before  it  was  cold,  and  therefore  before 
it  could  have  imbibed  any  common  air ;  and, 
in  order  to  expel  the  air  from  it,  I  put  it  into 
a  phial,  which  I  plunged  in  a  vefTel  of  water 
fet  on  the  fire  to  boil,  taking  care  that  both 
the  phial  containing  the  impregnated  water, 
and  the  glafs-tube  through  which  the  air  w£s 
to  be  tranfmitted,  were  completely  filled  ..  i 
the  water,  and  no  vifible  particle  of  common 
air  lodged  on  the  furface  of  it.  I  alfo  received 
the  expelled  air  in  water,  which  cont^'ned  very 
little  air  of  any  kind,  left  the  very  fmall  de- 
gree of  agitation  which  I  made  ufe  of,  in  order 
to  make  the  water  re-imbibe  the  air,  Ihould  dif- 
engage  any  air  from  it.  Alfo,  that  lefs  agita- 
tion, and  lefs  time,  might  be  fufficient,  I 
chiefly  made  ufe  of  lime-water  for  this  pur- 
pofe. But  notwithftanding  all  thefe  precau- 
tions, I  found  a  very  confiderable  refiduum  of 
air,  not  lefs  than  Mr.  Cavendilh  had  ftated, 
that  water  would  not  imbibe^ 

At  a  time  when  this  refiduum  of  fixed  air 
hardly  gave  the  leaft  fenfible  whitenefs  to  lime- 
water,   I  examined  the  ftate  of  it,  and  found, 

by 
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by  the  tell  of  nitrous  air,  that  it  was  very  little 
worfe  than  common  air  ;  two  meafures  of  this 
air,  and  one  of  nitrous  air,  occupying  the  fpacc 
of  two  meafures  only. 

This  fa6l  will  be  thought  a  pretty  remark- 
able one  •,  and  I  can  give  no  fatisfaftory  ac- 
count of  it,  unlefs  the  following  fhould  be 
deemed  to  be  fo.  Fixed  air,  phlogiilicated  with 
iron-filings  and  brimftone,  or  with  the  eleftric 
ipark,  I  have  difcovered,  vol.  I.  p.  42.  to  be- 
come, in  a  much  greater  proportion  than  ufu- 
al,  immifcible  with  water  -,  and  I  therefore  con- 
cluded that  this  acid  air  (for  fuch  fixed  air  evi- 
dently is)  by  combining  with  phlogifton,  comes 
to  be  a  kind  of  air  fimilar  to  common  air.  If 
this  be  a  juft  account  of  the  former  experiment, 
the  fixed  air  in  this  cafe  muft  get  phlogiftoil 
from  the  water  with  which  it  was  combined, 
and  thereby  become,  in  part,  immifcible  with 
water.  That  water,  even  the  pureft,  does  con- 
tain phlogifton,  is,  I  think,  evident  from  the 
experiments  which  fhew  that  air  is  injured  by 
much  agitation  in  it.  Or,  if  an  earthy  matter, 
and  not  phlogifton,  be  neceflary  to  the  confti- 
tution  of  refpirable  air,  as,  I  think,  appears 
from  my  experiments  on  dephlogifticated  air, 
there  may  be  enough  of  it  held  in  folution  in 
the  pureft  water,  and  which  it  may  impart  to 
the  fixed  air  combined  with  it. 
"4  Ail 
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All  water,  which  has  been  any  time  expofed 
to  the  atmofphere,  contains  more  or  lefs  air, 
part  of  which  is,  I  believe,  always  fixed  air. 
This  abounds  fo  much  in  fome  mineral  waters, 
that  their  peculiar  virtues  are  certainly  owing 
to  this  ingredient  in  their  compofition.  This 
confideration  has  led  fonie  perfons  to  afcribe 
the  virtues  of  other  mineral  waters  to  this  prin- 
ciple, though  they  contain  it  in  fo  very  fmall 
a  proportion,  as  to  make  that  opinion  very 
improbable.  Some,  for  inflance,  have  thought 
that  the  virtues  of  the  Bath  water  were  owing, 
in  a  great  meafure,  to  the  fixed  air  it  contains  -, 
and  living  at  no  great  diftance  from  that  cele- 
brated fpring,  I  thought  I  fhould  incur  a  juft 
cenfure,  if  I  did  not  endeavour  to  afcertain 
what  kind  of  air  is  contained  iti  that  water, 
and  in  what  proportion.  Accordingly,  I  made 
an  excurfion  as  far  as  Bath,  chiefly  with  that 
view,  and  made  the  following  experiments, 
which,  having  no  apparatus  of  my  own  along 
with  me,  I  was  enabled  to  perform  by  the 
friendly  zeal  and  ingenuity  of  Mr.  Painter ; 
Dr.  Gufthart,  Dr.  Falconer,  and  Dr.  Watfori 
favouring  me  with  their  prefence. 

In  order  to  afcertain  what  proportion  or  iif 
is  contained  in  the  water,  in  the  ftate  in  which 
it  is  drank,  I  filled  a  pint-phial  with  water, 
hot  from  the  pump,  and  expelled  the  air  from 
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It,  by  boiling  it  about  four  hours,  receiving 
the  produce  in  quickfilver.  This  air  was  about 
•3^0  of  the  bulk  of  the  water,  and  about  one- 
half  of  it  was  fixed  air,  precipitating  lime  in 
lime-water,  and  being  readily  abforbed  by  wa- 
ter. The  reliduum  appeared,  by  the  teft  of 
nitrous  air,  to  be  rather  better  than  air  in 
which  a  candle  had  burned  out. 

The  quantity  of  fixed  air  that  appears,  by 
this  experiment,  to  be  contained  in  the  Bath- 
waters is  fo  very  fmall,  that  I  think  it  very 
improbable  that  their  virtues  fhould  be  at  all 
owing  to  it.  Few  fpring- waters,  I  believe,  con- 
tain much  lefs  fixed  air,  and  many  I  know, 
which  have  no  medicinal  virtue  at  all,  contain 
more.  The  pump-water  belonging  to  the 
houfe  in  which  I  now  live,  contains  about  -^\ 
of  its  bulk  of  fixed  air  ;  and  it  may  be  feen  in 
my  former  volume,  p.  160,  that  my  pump- 
water  at  Leeds  contained  about  -^  of  its  bulk 
of  air,  of  the  very  fame  compofition  as  the  air 
of  the  Bath-waters,  viz.  half  of  it  fixed  air, 
and  half  common  air  a  little  phlogiflicated,  fo 
as  to  be  in  about  the  fame  ftate  as  air  in  which 
'S'^hdle  had  burned  out, 

Befides,  the  length  of  time  which  the  Bath- 
waters, and  indeed  mofl  other  fpring-waters, 
require  to  expel  the  air  by  means  of  heat,  fhcws 
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that  the  air  expelled  from  them,  was  not  con- 
tained in  them  in  that  flate  in  which  it  is  con- 
tained in  waters  properly  impregnated  with 
fixed  air,  out  of  which  it  may  always  be  ex- 
pelled by  the  heat  of  boiling  water  in  lefs  than 
an  hour.  In  fad,  the  fixed  air  is  not  united 
to  the  water,  but  to  fome  calcareous  matter  in 
the  water,  out  of  which  the  air  is  expelled  with 
much  more  difficulty.  Accordingly,  Dr.  Fal- 
coner informs  me,  that  there  is  a  depofit  made 
by  this  water,  after  long  boiling  ;  if  fo,  it  may 
be  prefumed,  that  thefe  waters  do  not  fo  pro- 
perly contain  fixed  air,  as  a  calcareous  earth ; 
which,  though  it  contain  fixed  air,  may  not 
part  with  it  in  the  ftomach,  unlefs  it  meet  with 
fome  acid  to  decompofe  it. 

Befides  the  air  contained  in  the  Bath-water, 
there  is  a  confiderable  quantity  of  air  continu- 
ally bubbling  up  from  almofl:  every  part  of  the 
foil,  through  the  water  in  the  bath.  When 
I  was  about  to  examine  this  air,  Dr.  Falconer 
informed  me,  that  it  had  been  done  already  'iij 
Dr.  Nooth,  and. that  an  account  of  his  expe- 
riments was  inferted  in  the  fecond  volume  of 
his  treatife  on  the  Bath-waters.  The  para- 
graph relating  to  it  is  as  follows : 

■r 

"At  the  place  where  the  fprings  rife  in  the 
5'  baths,  numerous  bubbles  of  air  are  obferved 
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"  to  afcend  along  with  them.  A  quantity 
"  of  air  of  this  kind  was  colledled  at  the  Kino-'s 
"  Bath,  by  inverting  a  glafs,  and  holding  it 
"  over  the  bubbles  as  they  rofe,  and  then 
"  conveying  it  into  an  inverted  bottle,  which, 
"  when  full,  was  carefully  corked  up,  and 
"  carried  away.  The  air  thus  obtained  aq- 
*'  fwered  in  every  refped:  to  lixible  air,  preci- 
"  pitating  lime  in  lime-water,  and  having 
"  every  other  quality  which  that  fubilance 
«  pofTefles." 

Being  informed  of  this,  I  thought  it  un- 
neceflary  to  repeat  the  experiment  \  but  find- 
ing, upon  inquiry,  that  Dr.  Nooth  had  not 
examined  what  proportion  the  refiduum  of  the 
fixed  air  bore  to  the  v/hole,  or  of  what  quality 
that  refiduum  was,  though  he  fpeaks  of  the 
whole  as  containing  fx^^-ry  ^K^/V/y  that  fixed  air 
pojfejfesy  I  thought  it  would  not  be  amifs,  as 
I  was  upon  the  fpot,  to  make  the  trial  my- 
felf.  Accordingly,  I  took  about  a.pintof  that 
air,  in  nearly  the  fame  manner  that  Dr.  Nootli 
had  done,  and  found,  upon  examination,  that 
only  about  -^V  of  its  bulk  was  fixed  air,  pre- 
cipitating lime  iii  lime-water,  and  being  rea- 
dily abforbed  by  water.  The  reft  extinguifhed 
a  candle,  and  was  fo  far  phiogifticated,  that 
two  meafures  of  it,  and  one  of  nitrous  air,  oc- 
Q^  cupied 
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cupied  the  fpace  of  2  |  ^  of  a  meafure ;  that 
is,  it  was  almoft  perfedly  noxious. 

Had  I  had  more  leifure,  and  a  better  appa- 
ratus, the  experiments  might  have  been  made 
with  more  accuracy  ;  but  I  do  not  think  that, 
whenever  they  are  repeated,  they  will  be  found 
-to  be  materially  wide  of  the  truth,  though  it 
is  polTible  that  the  ftate  of  the  air  in  the  water, 
and  efpecially  that  which  rifes  through  the  wa- 
ter, may  be  fubje6l  to  variation.  The  mea- 
fures  were  only  eflimated  by  the  eye  ;  but  then 
all  wiio  were  preftnt  agreed  very  nearly  in  tJie 
fame  eftimation. 

Being  in  Germany  in  the  fummer  of  the 
year  1774,  we  happened  to  pafs  by  the  fa- 
mous fpring  of  Seltzer-water,  near  SchwalL 
bach,  and  alio  another  very  hot  fpring  near  the 
road  from  that  place  to  Mentz.  Through  both 
thefe  fp rings  there  was  a  bubbling  of  air,  exadly 
fmiilar  to  that  in  the  Eath-waters  •,  but  I  had 
not  time,  or  convenience,  for  making  the  fame 
experiments  upon  them,  and  therefore  con- 
tented mylelf  with  finding  that  the  air  of  both 
of  them  extinguiilied  a  candle. 

It  is  well  known  that  all  fermented  liquors, 
that  are  not  quite  flat  or  vapid,  contain  fixed 
air ;  and  I  had  the  curiofity  to  irj^  what  pror- 

portion 
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^dVtion  of  this  air  is  contained  in  different 
kinds  of  wine,  ahd  in  wines  in  different  dates. 
For  this  purpofe,  I  took  one  of  the  phials  with 
d  ground-ftopple  and  tube,  reprefented  fig.  e, 
containing  i  4-  of  an  onnce-meafure,  and  filling 
it  accurately  with  each  fpecies  of  wine^  I  plun- 
ged it  into  a  velTei  of  water,  which  was  fet  on 
the  fire  to  boil,  receiving  the  air  in  quickfil- 
ver.  The  air  that  I  got  from  all  kinds  of  fer- 
mented liqnor$  was  pure  fixed  air  \  but,  ex- 
cept ch^mpaigne  .and  cyder,  it  was  in  much 
lefs  quantity  than  I  expected  ;  the  refults  being 
as  follows. 

The  quantity  of  air  contained  in 
Madeira  j  was       -     .  -^i^  of  an  ounce- meafure." 

Port  of  6  years  old  ^  -^ '■ ^ « 

Hock  of  5  years     -     ~ • 

Barrelled  Claret     -      ~^  — ■ — -^ 

l^okay  of  16  years  -  — r 

Champaigne  of  2  years  2 — 

^ottledCyderof  1 2years3^  — 


Some  champaigne  fparkles  much  in  confe- 
quenre  of  containing  much  air  j  but  there  is 
a  kind  of  champaigne  which  does  not  fparkle, 
and  contains  very  little  air.  The  difference, 
as  I  was  informed,  when  I  made  inquiry  con- 
cerning ir,  in  that  part  of  France  where  the  wine 
is  madi*,  is  owing  to  this  •,  that  v/hen  they  v,41h 

0^2  to 
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to  have  the  wine  fparkle,  they  check  the 
fermentation  as  much  as  pofTible  at  the  time 
that  the  wine  is  niade  •,  fo  that  the  fermenta- 
tion going  on  gradually,  the  fixed  air  produced 
by  it  is  abforbed  by  the  liquor :  whereas, 
■v^hen  they  do  not  chufe  to  have  it  fparkle, 
they  let  it  ferment  freely,  like  any  other  kind 
pf  wine. 

In  other  cafes,  therefore,  where  fermented 
liquors  contain  much  air,  as  in  mofb  kinds  of 
malt-liquor,  cyder,  and  our  Englilh  made- 
wines,  I  take  it  for,  granted,  that  the  fermen- 
tation is  either  purpofely  checked,  or  that  the 
liquor  is  of  fuch  a  nature,  that  the  fermenta- 
tion will  neceifarily  continue  a  long  time,  after 
it  is  put  into  the  caflc  or  bottle. 

I  once  found  that  a  quantity  of  port-wine 
contained  its  own  bulk  of  fixed  air ;  but  I 
now  imagine  that  the  wine  was  not  genuine, 
but  muft  have  been  made  chiefly  of  cyder.  Per- 
haps this  may  not  be  a  bad  method  of  dillin- 
guifhing  genuine  foreign  wines  from  compofi- 
tions  made  of  cyder. 


SEC- 
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SECTION     XIII. 

Mifcellaneous  Ohfervations. 

I. 

I  have  mentioned  a  fa6l,  which  fhews  that 
chalk  retains  fixed  air  very  obftinately  ;  fo  that 
neither  the  folar  rays,  nor  the  ftrongefl  heat  of 
a  fmith's  fire,  continued  for  a  long  time,  can 
expel  the  whole  quantity  that  it  contains.  I 
have  alfo  found,  that  a  fm.all  quantity  of  fixed 
air  was  contained  in  the  bell  quicklime  that  I 
could  procure  ^  fmce  Itrongly  concentrated 
acids  would  flill  expel  a  fmall  quantity  from 
it.  I  mention  this,  chiefly,  for  the  fake  of  an 
obfervation  v/hich  may  not.be  new,  but  which, 
if  it  be  new,  may  be  of  fome  ufe,  viz.  that  when 
I  had  heated  fome  pieces  of  quicklime  in  oil  of 
vitriol,  in  order  to  extraft  from  it  all  the  air 
that  I  pofTibly  could,  the  next  day  I  found  the 
oil  of  vitriol  Iblid  and  tranfparent,  exaftly  rc- 
fembling  a  thick  jelly ;  but  it  became  fluid 
again  with  the  heat  of  my  hand.  This  may, 
probably,  be  a  good  and  expeditious  method 
of  concentrating  this  acid,  the  quicklime  ab- 
forbing  its  water. 

a  3  "• 
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I  made  a  beginning  of  a  courfe  of  experi- 
ments, which,  I  think,  may  be  purfued  to 
confiderable  advantage^  on  the  ffate  of  the  air 
which  is  contained  in  the  bladders  offices.  It  is 
commonly  fuppofed,  that  thefe  bladders  are  of 
no  other  life  to' the  fillies  than  to  alTift  them  iri 
"rifmg  or  fmking  in  the  water  :  but  I  have  fome 
doubt  about  this  hypothecs  ;  at  leaft  they  may 
have  fome  other  ufe.  Some  fiihes,  I  believe, 
are  not  furnilhed  with  thefc  bladders.  When' 
they  are  taken  out  of  the  fifh,  the  air  cannot 
be  got  from  them  by  prelfure,  but  1  was  al- 
ways obliged  to  burft  or  cut  them ;  and  yet 
that  the  air  does  change  in  thefe  bladders,  is, 
I  think,  pretty  evident,  from  my  having  found 
it  in  different  ftates,  '  .  . 

The  firft  time  that  it  occurred  to  me  to  exa^ 
mine  the  air  contained  in  thefe  bladders,  I 
found  it,  in  a  great  number  of  them,  to  be: 
perfectly  noxious,  not  being  at  all  affecSted  by 
nitrous  air.  This  was  on  the  31ft  of  May, 
1774.  But  at  another  time,  viz.  the  30th  of 
March  following,  I  found  air  that  I  had  prefTed 
from  the  bladders  of  the  fame  kind  of  fiihes, 
viz.. roaches,  not  to  be  quite  noxious,  being 
affefted  by  nitrous  air,  though  not  to  a  great 

degree. 
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degree.  I  have  not  purfued  thefe  experiments 
any  farther  -,  but  I  fhould  think  that  it  might 
not  be  difficult,  by  diverfifying  them  pro- 
perly, to  make  fome  difcoveries  concerning  the 
animal  oeconomyof  filhes,  and  the  ufe  of  air 
to  them. 

III. 

That  excellent  anatomift,  Mr.  John  Hun- 
ter, told  me,  that  fifhes  would  not  live  in  wa- 
ter impregnated  with  fixed  air.  I  repeated  the 
experiment,  and  found  that  fmall  filhes  would 
not  live  in  this  kind  of  water  more  than  a  few 
minutes.  At  the  fame  time  I  had  the  curiofity 
to  try  how  they  would  be  affeded  by  water  im- 
pregnated with  nitrous  air^  and  obferved  that 
they  were  affedted  in  the  fame  manner,  but 
much  more  violently ;  being  thrown  into  the 
greateft  agitation  the  moment  they  were  put 
into  it,  and  moving  about  with  the  greateft 
rapidity,  till  they  became  languid  and  died. 
A  courfe  of  experiments  of  this  kind,  joined 
with  the  other,  would,  I  think,  be  very  pro- 
mifmg  to  a  perfon  who  had  an  opportunity  of 
jnaking  them  to  advantage. 

IV, 

In  fome  chymical  proceffes,  volatile  alkali 
difl^lve?  copper.     This  I  alfo  have  obferved 

Q.4  JA 
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in  my  account  of  the  experiments  in  which  I 
put  fome  pieces  of  volatile  alkaline  fait  to  a 
quantity  of  common  laii",  at  the  time  that  I  in- 
troduced nitrous  air  to  it,  vol.  I.  p.  213.  For, 
if  the  alkaline  fait  be  fupported  by  copper-wire, 
it  prefently  becomes^  blue,  and  is  foon  corroded. 
I  therefore  thought  that  pieces  of  copper,  fex- 
pofed  to  pure  alkaline  air^  would  have  been  af- 
fe6led  in  the  fame  manner ;  but  I  did  not  find 
this  to  be  the  cafe.  A  number  of  pieces  of 
copper-wire  remained  a  whole  night  in  alkaline 
air  without  fenfibly  affedling  it,  or  being  af- 
fefted  by  it.  That  the  alkaline  air  was  pure, 
appeared  by  its  being  wholly  abforbed  by  wa- 
ter afterwards. 

V. 
I  had  fome  expeflation  that  alkaline  air 
might  be  expelled  from  cauftic  fixed  alkali,  efr 
pecially  as  it  is  known  that  the  fixed  and  vor 
iatile  alkalis  differ  only  in  their  combinations ; 
but  I  was  difappointed  in  my  expedbations. 
Having  procured  a  quantity  of  cauftic  alkali 
from  Mr.  Lane,  who  is  known  to  prepare  it 
with  particular  accuracy,  I  treated  it  in  the 
fame  manner  as  I  had  done  the  fpirit  of  fait, 
and  found  that  the  vapour  expelled  from  it 
confifted  of  nothing  hut  water,  being  immedi- 
ately condenfed  when  it  came  to  the  cold 
quickfilver. 

VI.  I 


Mtfisllaneotii  Ohfervations.  233 

VI. 

I  have  obferved  before,  that  though  the  ma- 
rine acid  air  does  not  become  inflammable  air 
by  means  of  liver  of  fulphur,  as  it  does  by- 
means  of  many  other  fubltances  that  contain 
phlogifton  •,    yet  that  it  does  form  a  permanent 
kind  of  air,  which  appeared  to  be  phlogifti- 
cated,   by  extinguilhing  a  candle,  though  the 
quantity  which  I  then  produced  was  fo  fmall, 
that  I   did  not  pretend  to  form  an   accurate 
judgment  concerning  it.      I  have,  fmce  that, 
made  another  experiment  of  the  fame  kind,  ra- 
ther more  decifive  than  the  former.     1  put  fe- 
veral  pieces  of  liver  of  fulphur  to  a  quantity 
of  marine  acid  air ;  when  I  obferved  that  it 
prefently  began  to  be  abforbed,  and  it  conti- 
nued in  that  ilate  till  one-half  of  the  whole  had 
difappeared.      By  this    time  the  liver  of  ful- 
phur, v/hich  had  been  of  a  greenifli  or  yellow- 
lih  colour,   became  white.     Afterwards  more 
liver  of  fulphur  abforbed  more  of  this  air  •,  but 
after  two  days  the  pieces  began  to  dilfolve,  and 
at  length  they  became  one  liquid  mafs,   the  air 
ftill  diminifhing  very  gradually.     In  this  flatc 
1  admitted  water  to  the  air ;   but  by  this  very 
little  more  of  it  was  abforbed  ;  and  that  which 
remained  was  about  one-fourth  of  the  original 
quantity,  and  extinguifhed  a  candle.  The  whole 
procefs  was  three  days.    After  *.his  air  had  Hood 

a  week 
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a  week  in  water,  and  had  been  a  little  agitated 
in  it,  it  was  a.  litle  diminifhed  by  nitrous  air. 

VI. 

I  have  mentioned  a  courfe  of  curious  expe- 
riments on  the  mixing  of  ether  with  feveral 
kinds  of  air,  the  confequence  of  which  was, 
that  the  quantity  of  each  of  them  was  almoll 
iaftantly  doubled  by  a  fmgle  drop  of  that 
fiuid  ;  but  that  afterwards,  water  abforbed  ths: 
ether,  leaving  the  air  pofTefled  of  all  its  pecu- 
liar jproperties.  Thofe  experiments  were  made 
with  vitriolic  ether.  Having,  fince,  procured 
a  quantity  of  nitrous  ether ^  made  by  Mr.  God- 
frey, I  had  the  curiofity  to  try  whether  this 
would  produce  the  fameeffedt;  but  I  found 
that  it  increafed  common  air  only  about  one- 
lixth  of  its  bulk.  After  this  mixture  had  con- 
tinued two  days  and  a  night,  water  abforbed 
the  ether,  and  left  the  common  air  exadly,  or 
very  nearly,  the  fame  as  before,  judging  by 
the  teil  of  nitrous  air. 

VIL 

In  my  experiments  to  extra6t  air  from  frefh- 
made  red  lead,  by  mixing  it  with  fpirit  of  nitre, 
I  had  the  curiofity  to  try  what  would  be  the 
effect  of  mixing  it  in  the  fame  manner  v/ith  a 
volatile  alkaline  water  -,  but  no  air  was  pro- 
duced 
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^nced  from  it,  neitlier  did  the  red  lead  acquire 
any  additional  weight  from  the  mixture. 

VIII. 

Confidering  the  very  different  properties  of 
jhe  different  kinds  of  air  with  which  I  have 
jDcen  cojiverfant,  it  was  impoffible  not  to  think 
of  the  probability  of  their  having  different  re-- 
fra£iive  powers^  and  of  fome  method  of  afcer- 
'taining  this  circumflance.  Accordingly  I  in- 
tended to  have  done  fomething  of  this  kind 
before  the  publication  of  my  former  volume 
on  this  fubjeft  •,  but  I  was  prevented  by  an 
unexpe6ted  delay  in  the  conftruftion  of  the 
apparatus  which  I  had  contrived  for  that  pur- 
pofe.  I  have  fmce  completed  my  apparatus, 
and  have  made  the  trials  which  I  then  propo- 
fed  •,  but  1  am  forry  to  inform  my  readers,  that 
|:hey  have  been  without  any  fuccefs. 

For  this  purpofe,  I  procured  a  prifm,  con- 
fifting  of  three  plates  of  glafs,  faftened  toge- 
ther by  cement,  the  cavity  being  large  enough 
to  contain  about  a  quarter  of  a  pint.  This 
prifm  I  fixed  upon  a  ftand,  at  the  diftance  of 
ten  feet  from  a  window,  in  which  I  had  a  fmall 
apparatus,  contrived  to  throw  a  beam  of  the 
fun's  rays  into  the  room.  This  beam  was  re- 
ceived by  a  board,  furnifhed  with  a  piece  of 
brafs-work,  containing  feveral  fmall  holes, 
I  through 
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through  any  of  which  I  could  tranfmit  a  beam 
of  light  upon  the  prifm,  which  was  placed,  in 
a  vertical  pofition,  clofe  behind  it ;  and  the 
wall  on  which  the  image  of  the  fun  was  received 
was  twenty  feet  from  the  prifm. 

With  this  apparatus,  which  I  thought  pro- 
mifing  enough,  I  proceeded  to  try  the  refrac- 
tive powers  of  nitrous  and  inflammable  air ; 
but  I  could  perceive  no  difference  in  the  place 
of  the  image,  whether  the  beam  of  light  was 
tranfmitted  through  the  prifm,  carefully  filled 
with  either  of  thefe  kinds  of  air,  or  not  through 
it  i  allowance  being  made  for  a  fmall  degree 
of  refra6lion  occafioned  by  a  want  of  perfedt 
parallelifm  in  the  plates  of  the  prifm.  The 
refult  was  the  very  fame,  whether  it  contained 
common  air,  or  either  of,  the  two  kinds  above 
mentioned. 

Having  had  fo  little  fuccefs  with  thefe  two 
very  different  kinds  of  air,  I  thought  it  would 
be  in  vain  to  try  any  of  the  other  kinds ;  and 
therefore,  for  the  prefent,  have  defifted  from 
my  purfuit  j  but  I  am  not  without  a  defign 
to  refume  it  with  a  different  kind  of  apparatus, 
if  I  be  fo  happy  as  to  fucceed  in  the  conftruc- 
tion  of  it. 


IX. 
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IX. 

The  facility  with  which  the  nitrons  acid 
forms  air  of  various  kinds  is  very  remarkable ; 
efpecially  when  compared  with  the  two  other 
mineral  acids,  which  enter  into  the  compofi- 
tion  of  few  kinds  of  air  in  comparifon  with 
this.  I  was  in  hopes  that,  by  fubftituting 
thofe  acids  in  the  place  of  the  nitrous,  in  the 
experiments  which  produced  the  dephlogifti- 
cated,  and  other  kinds  of  air,  I  Ihould,  at 
lead,  have  got  fome  kind  of  air  -,  but  I  got 
none.  I  have  mentioned  my  having  tried  this 
with  red  lead.  I  alfo  made  the  fame  attempt 
with  the  marine  acid,  and  dried  flefh,  from 
which  I  got  the  peculiar  kind  of  air  defcribed 
feft  viii. ;  but  this  produced  nothing  but  the 
marine  acid  air,  in  quickfilver,  and  nothing  at 
all  in  watery  the  acid  air  being  abforbed  by 
it  as  faft  as  it  was  generated.  Trying  a  piece 
of  beef  with  the  fame  apparatus,  without  any 
acid,  it  yielded,  by  means  of  a  pretty  llrong 
heat,  from  the  flame  of  a  candle,  inflammable 
air,  as  in  the  fimilar  experiment  with  a  gun- 
barrel,  mentioned  in  my  former  publication. 

X. 

I  have  obferved,  in  the  firfl:  volume  of  this 

work,  that  when  I  had  put  a  piece  of falt-pctre 

to  a  quantity  of  marine  acid,  air,  it  was  pre- 

4  fently 
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fently  diflblved,  emitting  a  white  fume  ;  biit 
that  no  air>  that  I  could  examine,  remained,  thfe 
quantity  of  it  being  fo  fmall.  I  have  iince 
repeated  the  experiment  \  but  the  refult  was 
nothing  more  than  might  have  been  predicted  j 
for  the  nitrous  acid,  dillodged  from  its  bafe 
by  the  marine,  had  diflblved  fome  of  the  quick- 
fiiver,  and  formed  nitrous  air,  occupying  one- 
half  of  the  whole  fpace  that  had  been  filled  by 
the  marine  acid  air. 

Marine  acid  air  affects  borax,  in  the  very 
fame  manner  in  which  alkaline  air  affects  alumj 
rendering  it  whitifh. 

XL 

At  the  time  of  my  former  publication,  I 
had  found  that  taking  the  ele^ric  fpark  in  given 
quantities  of  feveral  kinds  of  air,  had  a  very 
remarkable  effedt  upon  them, '  that  it  dimi- 
nilhed  comm.on  air,  and  made  it  noxious,  mak- 
ing it  depofit  its  fixed  air,  exadly  like  any 
phlogiftic  procefs  -,  from  whence  I  concluded 
that  the  eledric  matter  either  is,  or  contains 
phlogifton.  It  has  alfo  the  fame  effedl  as  a 
phlogiftic  procefs  on  nitrous  air,  diminifhing 
it  very  much,  and  depriving  it  of  its  property 
of  diminifbing  common  air  I  have  fince  re- 
peated this  experiment  on  fome  other  kinds  of 
air  which  cannot  be  confined  by  water,  and  1 

find 
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find  the  refults  to  be  no  lefs  remarkable,  though 
1  have  not  given  fo  much  attention  to  them  as 
to  be  able  to  explain  them.  The  fa6ts  were  as 
follows. 

Having  made  about  fifty  eleftric  explofions 
of  a  common  jar,  in  a  fmall  quantity  of  the 
marine  acid  air,  confined  in  a  glafs-fyphon  by 
quickfilver,  I  obferved  that  it  was  a  little  di^ 
minifhed,  and  that  a  fmall  part  of  the  infide  of 
the  glafs,  next  to  the  quickfilver,  was  tinged 
white.  Water  admitted  to  this  air  abforbed. 
fo  much  of  it,  that  no  experiment  could  be 
made  on  the  remainder. 

I  made  the  fame  experiment  on  the  I'/VnWiV 
aid  air  i  when  prelentiy  the  infide  of  the  glafs 
through  which  the  explofion  palled  was  uni- 
formly covered  with  a  blackifh  matter,  fo  that 
nothing  could  be  feen  through  it,  and  the  air 
feemed  to  be  rather  increafed  than  diminifhed. 
Water  being  admitted  to  it,  left  fo  little  of  it: 
unabforbed,  |hat  it  could  be  no  more  examined 
than  that  Vv'hich  remained  in  the  preceding  ex- 
periment. Part  ot  the  blackifh  matter  was 
Wjjfhed  off  by  the  water. 

1  took  the  eleflric  explofion  in  a  fmall  quan- 
tity of  alkaline  air,  in  the  fame  manner  as  in 
the  two  preceding  experiments,    and  obferved,- 

that 
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that  every  ftroke  added  confiderably  to  the 
quantity  of  air  •,  and  when  water  was  admit- 
ted to  it,  juft  fo  much  remained  unabforbed  as 
had  been  added  by  the  explofions.  I  then 
took  about  an  hundred  explofions  of  the  fame 
jar,  in  a  larger  quantity  of  alkaline  air  ;  after 
which,  fo  much  of  it  remained  unabforbed  by 
water,  that  I  could  examine  it  with  the  great- 
eft  certainty.  It  neither  affed:ed  common  air, 
nor  was  affedted  by  nitrous  air,  and  was  as 
ftrongly  inflammable  as  any  air  that  I  had  ever 
procured. 

Thefe  experiments  appear  to  me  to  furnilh 
matter  for  much  fpeculation,  and  farther  ex- 
perimental inquiry.  Till  this  be  done,  all 
conjecture  concerning  them  muft  be  very  much 
at  random.  I  therefore  defer  making  any  at 
prefent. 


SEC 
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SECTION     XIV. 

Experiments  and  Ohfervations  on  Charcoal, 
firji  puhlijhed  in  the  Philofophical  Tranfac- 
tions,  vol.  LX.  p.  211.  , 

Among  the  original  experiments,  publlfhed 
in  the  Hiftory  of  Eleftricity,   was  an  account 
of  the  conducing  power  of  charcoal.     This 
fubftance  had  been  conndered  by  eleflricians, 
in  no  other  light  than  that  of  more  perfedlly 
baked  wood,  which  is  known  to  be  no  conduc- 
tor of  eledricity.     I  have  even  heard  of  at- 
tempts being  made  to  excite  it-,  and  though 
thofe  attempts  were  ineffeftual,  the  failure  of 
fuccefs  was  attributed  to  other  caufes  than  that 
of  charcoal  being    no   eledlric  fubftance  •,    fo 
fixed  was  the  perfuaficn,  that  water  and  me- 
tals were  the  only  conducing  fubftances  in  na- 
ture.    The  confideration  of  the  chymical  pro- 
perties of  charcoal,  which  are,  in  many  refpedis, 
remarkably  different  from  thofe  of  the  wood  from 
which  it  Is  made,   might  have  led  philofophers 
to  fufpeft,  that  fmce,  after  its  being  reduced  to 
a  coal,    it  was  become  quite  another  thing  from 
what  it  was   before,   it  might  poffibly  differ 
R  irpin 
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from  wood  in  this  propetty ;   but  this  confide- 
ration  had  not  been  lufficiently  attended  to. 

In  the  account  of  my  former  experiments  on 
charcoal,  I  obfcrved,  that  there  were  very 
great  differences "  in  the  conducing  power  of 
charcoal,  and  particularly  of  wood-charcoal, 
though  I  could  not  determine  on  what  circum- 
fliances  in  the  preparation,  &c.  thole  differences 
depended.  I  therefore  exprelfed  a  wifh,  that 
fome  perfon,  who  had  conveniencies  for  mak- 
ing chymical  experiments,  would  profecute 
the  inquiry,  as  one  that  promifed,  not  only  to 
afcertain  the  caufe  of  the  conducing  power  of 
charcoal,  but  perhaps  of  conducing  power 
univei'fally.  Not  hearing  that  any  chymjft  or 
ele(5trician  has  attended  to  this  bufmefs,  I 
have,  at  length,  refumed  the  fubjeft,  though 
not  with  every  advantage  that  I  could  have 
wifhed.  I  have,  in  a  great  meafure,  however, 
fucceeded  in  the  principal  obje6t  of  my  in- 
quiry •,  and  I  lliall  now  lay  before  this  iociety 
the  refult  of  my  experiments  and  obfervations. 

I  Ihall  begin  with  correfting  a  miflake  I  lay 
under  at  the  time  that  I  made  .the  former  ex- 
periments. Having  been  informed  by  per- 
fons,  who  attend  tlie  making  of  pit-charcoal^ 
that  it  was  confiderably  increafed  in  bulk  after 
the  procefs ;  I  imagined  that  all  other  fubftan- 

ces 
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ces  received  an  increafe  of  bulk,  v/hen  they 
V/ere  reduced  to  a  coal  •,  but  the  firft  experi- 
rnents  that  I  inade,  convinced  me  of  my  mif- 
take.  AH  vegetable  fubftances  are  confider- 
ably  contraded  in  all  their  dimenfions,  bv  the 
procefs  of  coaling,  and  the  more  perfect:  this 
procefs  is  (that  is,  as  v/ill  be  explained  here- 
after, the  greater  is  ih^  heat  that  is  applied  in 
the  courfe  of  it)  the  greater  is  the  diminution. 
i  have  even  reduced  pieces  of  wood  to  little 
more  than  one-fourtli  of  their  original  length 
and  breadth,  in  a  common  fire,  by  the  ufe  of  a 
pair  of  hand-beliov/s  only.  And  this  was  the 
caie  equally  with  wood  of  the  firmeil  texture, 
as  ebony  ;  that  of  a  middle  texture,  as  oiik  •, 
•and  that  of  the  loofeft^  as  fir,  &:c. 

As  moifture  (and,  I  believe,  fmall  degrees 
■of  heat  or  cold)  affeds  wood  much  more  fcn- 
fibly  acrofs  the  fibres  than  alo:^g  them,  it  mjght 
have  been  fuppofed,  that  vvhen  wood  was  re- 
duced to  a  coal,  by  the  application  of  a  greater 
degree  of  heat,  the  fame  rule  would  have  been 
obferved ;  but  I  found  very  little  difference  m 
this  refpe<5t.  To  afcertain  this  circumftance, 
i  took  from  the  fame  board,  two  pieces,  each 
2  4-  inches  in  length.  In  one  of  them,  the 
fibres  were  divided,  in  the  other  they  were  not  \ 
and  after  coaling  them  thoroughly  together, 
in  the  fame  ^^-ycible,  I  found  that  the  former 
R  %  meafured 
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meafured  2.05  inches,  and  the  latter  2.15. 
Their  conducing  power  could  not  be  diftin^ 
guillied. 

A  more  particular  account  of  the  degree,  in 
which  wood, is  Ihortened  in  coaling,  will  be  feen 
afterwards,  when  the  variations  in  this  refpedt 
are  compared  with  the  variations  in  the  power 
of  conducing  eledricity. 

To  my  great  furprize,  I  found  animal  fuh~ 
fiances  not  reduced  in  their  dimenfions  by  the 
procefs  of  coaling.  This,  at  leaft,  was  the 
cafe  with  fome  pieces  of  ivory^  feveral  inches 
in  length,  and  a  piece  of  bone.  They  bore  a 
very  intenfe  heat  for  many  hours,  and  came 
out  of  the  crucible  confiderably  diminilhed  in 
weight,  but  hardly  fo  much  as  difborted  in 
their  fhape,  as  is  remarkably  the  cafe  with  wood, 
and,   I  believe,  all  vegetable  fubftances. 

In  examining  mineral  fubftances,  I  found 
that  my  information,  mentioned  above,  was 
juft.  Coals  are  very  much  enlarged  in  their 
dimenfions  by  charring;  but  the . experiment 
muil  be  made  v/ith  great  care,  to  judge  of  this 
circumftance  •,  for,  unlcfs  the  operation  be  very 
(low,  the  coal  will  retain  nothing  of  its  former 
llnape,  having  been  made,  in  fome  meafure, 
fiuid  by  the  heati  The  infide  of  all  pieces  of 
4  pit- 


Experiments  and  Obfervatiom  on  Charcoal.  245 

pit-charcoal  is  full  of  cavities,  and  there  is  ge- 
nerally a  very  large  one  in  the  center  of  every 
piece ;  fo  that  the  dilatation  is  nothing  like 
the  extenfion  of  fibres  ;  but  is  produced  by 
the  elafbicity  of  the  new-formed  vapour,  in 
forcing  its  way  out,  while  the  fubflance  is 
foft. 

With  refped  to  the  main  objeft  of  my  in- 
quiry, I  prefently  fatisfied  myfelf,  that  the 
conducing  power  of  charcoal  depends  upon 
no  other  cireumftance  than  the  degree  of  heat, 
that  is  applied  in  the  procefs  of  making  it.  I 
had  not  fufpe6led  this ;  but  numberlefs  expe- 
riments clearly  proved  it.  Taking  an  iron- 
pot,  filled  with  fand,  and  putting  into  it  pieces 
of  wood,  cut  out  of  the  fame  plank,  mark- 
ing them,  and  carefully  noting  their  places  in 
the  pot,  I  always  found  that  thofe  pieces  came 
out  the  beft  conductors,  that  had  been  expofed 
to  the  greatefl  heat.  The  refult  was  the  fame' 
when  I  made  coals  of  bits  of  wood,  placed  one 
above  another,  in  a  gun- barrel,  one  end  of 
which  was  made  red-hot,  and  the  reft  gradu- 
ally cooler  and  cooler. 

Taking  pieces  of  charcoal  that  conduded 

very  imperfedly,   or  not  at  all,  I  never  failed 

to  give  them  the  ftrongeft  conducting  power, 

by  repeating  the  procefs. of  coaling,  either  m, 

R  3  a  crucible. 
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a  crucible,  or  in  a  gun-barrel,   covered  witii, 
land,  and  kept  in  an  interne  heat. 

I  could  not  find  that  the  mere  continuancq 
of  the  fame  degree  of  heat  had  any  effeft  with 
refped  to  the  conducing  power  of  charcoal. 

Mr.  Macquer,  and  other  chyinifls,  define 
charcoal  to  be  wocd  burned^  without  being  fiif- 
fered  to  flame  ^  but,  with  refpeft  to  its  conduct- 
ing power,  and,  I  make  no  doubt,  with  refped: 
to  all  its  other  effential  properties  alfo,  it  makes 
no  difference  whether  it  flame  or  not.'  I  have 
coaled  pieces  of  wood,  both  in  gun-barrels,  and 
in  crucibles,  (lightly  covered  with  fand^-  and 
have  let  the  inHammable  vapour  that  exhaled 
from  them  take  fire,  at  various  diftances  from 
the  fubftances ;  and  I  have  alfo  put  pieces  of" 
wood  in  an  ol3en  fire,  and  urs;ed  the  heat  ap- 
plied  to  them,'  v/ith  a  pair  of  bellows  ;  and  in 
all  thefe  cafes  have  found  the  charcoal  equally 
good.  In  the  lail  method^  indeed,  very  little 
of  the  fubflance  h  preferved  •,  but  the  little 
that  doth  remain,  after  it  hath  ccafed  to  flamCj 
whether  it  be  quenched  iaimediately,  or  not, 
condutls  as  well  as  any  charcoal  v/hatever. 
But  one  can  hardly  be  fure  that  the  fame  de- 
gree of  heat  is  given  to  every  part  of  a  piece 
of  v/ood,  except  it  be  expofed  to  it  ibr  fom.e 
time ;  and  in  an  open  fire,  urged  with  a  pair 
■        ■"    ■  of 
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of  bellows,  the  wood  waftes  as  faft  as  it  is  red- 
hot,  before  the  center  of  it  is  much  affeded 
with  the  heat. 

"When  once  any  degree  of  conducing  power 
is  given  to  a  piece  of  charcoal,  I  never  found 
that  it  was  afterwards  lefTened.  A  partial  con- 
fuming  of  it  in  an  open  fire  doth  not  affedl  the 
remainder,  as  I  obferved  in  the  account  of  my 
former  experiments. 

I  had  irpagined,  that  the  folidity  of  fubftances 
converted  into  charcoal,  would  have  had  a 
very  confiderable  effeft  on  their  condii6ting 
power  afterwards  j  but  the  conjecture  was  not 
confirmed  by  experiment.  Coals  made  of  the 
lighteli  woods  conduded,  as  far  as  I  could 
perceive,  as  well  as  thofe  that  were  made  from 
the  moft  Iblid,  if  they  had  been  expofed  to  the 
fame  degree  of  heat  in  the  procefs.  Fine  fliav- 
ings  of  fir,  the  fine  coats  of  an  onion,  the  light- 
eft  foot,  and  every  other  vegetable  fubftance 
that  I  tried,  conducted  eaually  with  coals  made 
of  oak  or  ebony. 

I  had  imagined,  alfo,  that  the  moment  a 
piece  of  wood  was  become  black  with  heat,  it 
was,  to  ail  intents  and  purpofes,  a  real  char- 
coal ;  and,  along  with  the  other  properties  of 
charcoal,  would  conduft  ejedricity,  more  or 
R  4  lets  i 
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lefs  •,  but  I  found,  by  coaling  feveral  pieces 
very  Howly,  that  they  would  not  conduft  in 
the  leafc  degree,  not  only  when  they  v/ere  made 
fuperiicially  black,  but  likewife  when  they 
were  black  quite  through,  and  had  remained 
a  long  time  in  the  heat  that  made  them  fo  ;  fo 
that  no  eye  could  diilinguifh  them  from  the 
moll  perfedt  charcoal. 

I  have  fometimes  found  charcoal  in  fuch  a 
ftate,  that  it  would  aiTifc  the  palTage  of  an  ex- 
plofion  along  its  furface,  when  it  would  not 
condu6l  a  lliock  any  other  way. 

In  order  to  fatisfy  myfelf  in  what  propor- 
tions the  diminution  of  weighty  the  decreafe  of 
biilk^  and  the  conducing  power  of  wood  and 
charcoal,  correfponded  to  one  another,  I  took 
feveral  pieces  from  the  fame 'plank,  and  hav- 
ing carefully  v/eighed  and  meafured  them,  con- 
verted them  into  coals  very  flowly,  and  by  a 
gradual  increafe  of  heat,  on  an  iron  plate,  held 
on  the  lire,  turning  them  conilantly,  to  pre- 
vent their  catching  fire.  The  following  were 
the  refi-ilts. 

A  piece  of  very  old  dry  oak,  weighing  12 
grains,  and  which  conducted  in  the  imperfedl 
manner  that  v/ood  geneially  does,  from  the 
jiioifcure  it  contains,  was,  after  the  iofs  of  about 

one 
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one  orain,  no  conduflor  at  all ;  and  it  conti- 
nued the  fame  as  baked  wood,  till  it  was  re- 
duced tc  four  grains,  when  it  was  black  quite 
through  ;  and  even  then,  no  part  of  it  con- 
duced, except  one  corner,  where  it  had  catched 
fire. 

Another  piece  I  carefully  weighed,  and  mea- 
fured  feveral  times  in  the  courfe  of  the  procefs. 
At  firft  it  weighed 

Gr.  Length.  Bread.  Thick. 

12    when  its  dimenfions  in  inches  were   2.         .  ^r  .12 

At  8 2.        .4     .12 

—  5.5 I. 91. 4    .12 

—  3.5 1.8     .35 

It  was  now  become  an  imperfe6l  condu6lor.  I 
then  urged  it  with  a  ftrong  heat,  in  a  crucible, 
and  taking  it  out,  it  weighed  1.75  gr.  and  mea- 
fured  I  .6  in  length,  and  .3  in  the  other  dimen- 
fions.  It  was  now  a  perfedl  condudlor ;  and 
though  I  afterwards  kept  it  in  a  very  intenfe 
heat  feveral  hours,  by  which  it  was  reduced  to 
one  grain  in  weight,  its  conduding  power  was 
not  fenfibly  increafed  -,  but  it  was  become  very 
brittle,  or  friable. 

It  appears  from  thefe  experiments,  that  thefe 
pieces   of  wood  were  reduced  to  about  one- 
fourth  of  their  weight  before  they  would  con- 
dud 
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dii6l  at  all  -,  though,  at  the  fame  time,  they  were 
drminifhed  in  length  (/.  e.  along  the  fibres) 
only  one-tenth.  The  breadth  and  thicknefs 
could  not  be  meafured  with  fufficient  accuracy 
in  thefe  fmall  pieces.  To  make  them  perfei^ 
condudlors,  they  were  reduced  to  about  one- 
tenth  in  wxight,   and  one-half  in  length, 

A  variety  of  circumftances  led  me  to  con- 
clude, that  the  caufe  of  blacknefs^  and  of  the 
conducing  power  in  charcoal,  is  the  oil  of 
the  plant,  made  empyreumatic,  and  burnt  to 
a  certain  degree.  I  therefore  conclude  that 
thefe  properties  are  fome  way  connected  with 
that  part  of  the  inflammable  principle,  other- 
wife  called  phlogifton,  that  is  Exed  and  united 
to  the  earth  of  the  plant,  when  the  union  is 
jftrengthened  by  an  intenfe  heat. 

The /and,  with  which  I  covered  the  fub- 
ilances  that  I  converted  into  coals,  and  alfo  the 
fipe-day  which  I  fometimes  put  over  them, 
contrafted  a  blacknefs  like  charcoal,  and  would 
often  condudl  pretty  well.  Sometimes  they 
would  condud:  a  fhock.  This  mufl  have  beer^ 
owing  to  the  oil  they  received  from  the  fub- 
itances  out  of  which  it  was  expelled  by  the 
heat.  In  the  experiment  of  the  gun-barrel 
filled  with  pieces  of  wood,  mentioned  above,  the 
uppermofl  pieces  were  not  in  the  lead  buried. 

They 
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They  could  hardly  have  been  hot  ;  yet,  hav- 
ing contrafled  a  fuperficial  blacknefs,  from 
the  vapour  of  the  oil  expelled  from  the  piece 
"below  them,  they  would  even  conduct  a  Ihock, 
though  not  in  the  moft  perfeft  manner. 

Sometimes  thofe  fubftances  that  had  no  phlo- 
gifton  themfelves,  but  received  it  in  confe- 
quenre  of  being  placed  in  the  neighbourhood 
of  other  bodies  out  of  which  it  was  expelled, 
:!would  not  condufb  immediately ;  but  would  be 
made  to  do  fo  by  being  expofed  to  a  greater 
heat,  which  more  thoroughly  burned  the  oil 
with  which  their  pores  were  filled. 

I  put  a  piece  of  a  common  pipe  into  a  cru- 
cible, in  which  I  was  burning  fome  turpentine 
(which  will  be  mentioned  below)  and  it  came 
put  black  quite  through,  like  a  pipe  in  which 
tobacco  has  been  frequently  fmoked.  In  this 
ftate  it  would  not  condud:  at  all  -,  but  putting 
it  into  a  crucible,  covered  with  fand,  I  treated 
it  in  the  fame  manner  as  I  would  have  done  a 
piece  of  v/ood,  in  order  to  coal  it,  and  it 
came  out  a  very  good  conduftor.  Had  it  been 
burned  in  the  open  fire,  the  phlogifton  would 
have  efcaped,  and  the  pipe  would  have  been 
left  white,  as  at  firft. 

Being 
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Being  convinced  that  the  conducing  power 
of  charcoal  depended  upon  the  oil,  or  rather 
the  phlogiilon  contained  in  the  oil,  and  on  the 
degree  of  heat  with  which  it  was  burned,  1  took 
feveral  methods  to  give  vegetable  fubfbances 
more  of  this  principle  ;  or  at  leaft  endeavoured 
to  make  them  retain  more  of  it  than  they  ufu- 
ally  do,  in  the  procefs  of  coaling.  But  I  had 
no  apparent  fuccefs  in  thofe  experiments. 

I  began  with  plunging  a  piece  of  old  dry  oak 
in  oil ;  and  then,  pumping  the  air  out  of  it, 
let  it  fiand  in  vacuo  a  day  and  night,  in  which 
time  it  leemed  to  difcharge  a  great  quantity  of 
air;  after  which  I  let  the  air  into  the  receiver, 
and  thereby  forced  the  oil  into  its  pores.  But 
the  coal  from  this  wood  was  not  fenfibly  bet- 
ter than  others.  The  application  of  heat  may, 
perhaps,  expel  the  phlogiilon  in' fuch  a  man- 
ner, that  the  refiduum,  being  fully  faturated, 
can  retain  no  more  than  a  certain  proportion. 
I  made  coals  of  other  pieces  of  wood,  when 
they  were  covered  with  cement ;  and  I  alfo 
coaled  feveral  pieces  together,  that  they  might 
receive  phlogifton  from  one  another ;  but,  in 
both  cafes,  without  any  fenfible  improvement 
in  the  quality  of  the  coal. 

In  order  to  prevent  the  efcape  of  the  phlo- 
gifton belonging  to  the  fubilance  to  be  reduced 

to 
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to  a  coal,  I  put  fome  pieces  of  wood  into  a  gun- 
barrel,  and  corked  it  as  clofe  as  I  could,  at  the 
fame  time  covering  the  cork  with  cement.  In 
this  cafe  the  rarefaftion  of  the  exhaling  vapour 
never  failed  to  drive  the  cork  out ;  but  it 
muft  have  been  after  a  confiderable  refiflance 
to  its  efcape.  However,  I  could  not  perceive 
any  peculiar  excellence  in  the  charcoal  made 
in  this  manner. 

I  do  not,  indeed,  know  any  method  in  which 
differences  in  fubftances  that  conduft  fo  well 
as  thefe  can  be  accurately  tried,  at  leail  none 
that  can  be  applied  in  this  cafe.  The  charcoal 
I  can  make  in  a  common  fire,  by  the  ufe  of  a 
pair  of  hand-bellows,  I  cannot  diftinguifh,  with 
refpe6l  to  its  conducing  power,  from  the  moft 
perfe6l  metals,  gold  and  filver  ;  either  by  the 
length  of  theeleftric  fpark,  the  colour  of  it,  or 
the  found  of  the  explofion.  I  make  no  doubt 
but  that  wood,  in  the  procefs  of  coaling,  may 
eafily  have  a  degree  of  conducting  power  com- 
municated to  it,  exceeding  that  of  lead,  iron^ 
or  the  other  more  imperfedl  m^etals. 

We  may,  perhaps,  be  guided  in  our  con- 
je6tures  on  this  fubjeft,  by  confidering  the  de- 
gree of  heat  that  is  neceifary,  either  to  unite  the 
phlogiilon  to  its  bafe,  or  to  feparate  them,  both 
in  the  cafe  of  wood,  and  the  different  metals. 

Lead 
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Lead  is  very  eafily  calcined,  and  it  is  alfo  known 
to  condu6t  eledricity  very  imperfedly.  Iron 
foon  turns  to  mil  •,  and  its  conducing  power 
I  found  to  be  very  fmall,  in  comparifoh  with 
that  of  copper,  or  the  more  perfeft  metals. 
If,  therefore,  in  making  charcoal,  a  degree 
of  heat  be  applied  greater  than  is  neceffary  to 
calcine  or  revivify  a  metal,  we  may  perhaps 
conclude,  that  the  conducting  power  of  the 
charcoal  will  be  fuperior  to  that  of  the  metah 
As  it  may  be  poflible  to  give  charcoal,  when 
cut  off  from  any  communication  with  the  ex- 
ternal air,  a  greater  degree  of  heat  than  filver 
or  gold  would  bear  without  being  diiTipated  in 
vapour  i  it  may  even  be  poiTible  to  make  char- 
coal that  Ihall  condud  electricity  better  than 
thofe  moil  perfe6l  metals* 

Had  there  been  any  phlogiilon  in  water,  I 

fhould  have  concluded,   that  there  had  been 

no  conducing  power  in  nature,   but  in  con- 

fequence  of  fome  union  of  this  principle  with 

fome  bafe.     In  this,  metals  and  charcoal  exa6l- 

ly  agree.    While  they  have  the  phlogiilon,  they 

condudt  *,  when  deprived  of  it^  they  will  not 

condu6t  *. 

*  Having  fince  found,  that  long  agitation  iti  the  purefl 
water  injures  air,  fo  that  a  candle  will  not  burn  in  ic  af- 
terwards, which  is  precifely  the  ciFedl  oi v\\  phlogijiic  pro- 
cejfes,  I  now  conclude  that  the  maxim  fuggefted  in  this 
paragraph  is  univerfally  true.     See  vol.  I.  p.  283. 

I  believQ 
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I  believe,  however,  that  all  vegetable  or 
animal  fubflances,  that  contain  phlogifton, 
may  be  reduced  to  a  coal ;  and  if  the  heat  ap- 
plied in  the  procefs  be  fufficient,  that  coal  will 
conduft  eleftricity.  Flefh,  glue,  bones,  and 
other  parts  of  an  animal  body,  make  good 
conducing  charcoal. 

The  only  approach,  or  Teeming  approach, 
I  ever  made  towards  retaining  more  phiogifloa 
than  ufual,  in  wood  reduced  to  a  coal,  was  by 
1l\\q.  Jlownefs  of  the -procefs.  For  I  alvv'ays  found, 
that  if  the  heat  was  applied  very  gradually^ 
lefs  volatile  phlogifton,  i.  e.  lefs  inflammable 
air,  was  expelled  •,  and  therefore  I  fuppofe 
that  more  of  it  was  fixed.  I  could  never  after- 
wards, by  equal  degrees  of  heat,  make  this 
coal  to  Weigh  as  little  as  another  that  was  firit 
coaled  by  a  fudden  heat, 

I  took  two  pieces  of  di*y  oak,  the  contiguous 
parts  of  the  fam.e  ftick,  each  weighing  exactly 
fourteen  grains.  One  of  thele  I  heated  fud- 
denly.  It  yielded  eight  ounce-meafures  of  in- 
flammable air,  and  then  weighed  tv/o  grains. 
The  other  I  heated  fiov/ly,  but  as  vehemently, 
at  the  laft,  as  the  other.  It  yielded  only 
I  4-  ounce-meafures.  and  weighed  three  grains. 

I  I  r'lpeated 
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I  repeated  the  fame  experiment  feveral  times, 
and  always  with  nearly  the  fame  refult. 

Examining  the  condufting  power  of  the 
pieces  of  charcoal  made  with  thefe  different 
circumftances  in  the  procefs,  I  could  not  dif- 
tinguifh  which  v/as  better.  Perhaps  a  more 
accurate  method  of  trying  them  might  jfhow, 
that  thofe  which  were  coaled  llowly  were  the 
better  conduftors  ;  unlefs,  which  is  not  im- 
probable, the  goodnefs  of  the  condufting  power 
confifts  in  the  completenefs  of  the  union  that  is 
produced  between  the  inflammable  principle 
and  its  bafe,  which  will  depend  upon  the  de- 
gree of  heat  only,  and  not  on  the  quantity  of 
phlogijlcn  thus  united  to  the  earth. 

N.  B.  To  catch  the  inflammable  air,  fet  loofe 
in  making  charcoal,  I  put  the  fubftances  into 
a  gun-barrel,  to  which  I  luted  a  long  glafs  tube, 
and  to  the  tube  I  faftened  a  bladder,  out  of 
which  the  air  was  carefully  prefTed. 

As  metals  and  charcoal  agree  in  confifting 
of  phlogifton  united  to  an  earthy  bafe,  and 
alfo  in  condu6ling  electricity,  I  fulpeded  that 
thefe  two  different  fubftances  might  alfo  agree 
in  their  readinefs  to  expand  by  heat.  Mr. 
Smeaton  was  fo  obliging  as  to  afTift  me  in  my 
attempts  to  afcertain   this   circumftance,     by 

the 
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flie  application  of  his  excellent  pyrometer. 
Tliough  we  could  not  make  the  experiment 
\vith  ail  the  exaftnefs  that  we  could  have  wilhed, 
yet  the  refult  of  near  thirty  trials  was  uniform- 
ly in  favour  of  the  greater  degree  of  expanfion, 
hy  heatj  in  the  charcoal",  than  in  wood  of  the 
lame  kind  (as  we  imagined)  out  of  v/hicjj  it  v/as 
made.  In  general,  the  expanfion  of  the  char- 
coal vvas  about  double  to  that  of  the  wood. 

It  is  evident,  that  a  certain  degree  of  heat 
makes  wood  and  charcoal  expand ;  and  alfo 
that  a  greater  degree  of  heat  makes  them  con- 
tract. I  wifh  we  had  ah  inflrument  to  afcer-r 
tain  the  precife  degree  of  heat,  at  which  the  ex- 
panfion ceafes,  and  the  contraction  begins  -,  and 
whether  the  two  effefls  be  produced  by  the  fame 
gradation. 

In  tlie  coiirfe  of  thefe  experiments  on  char- 
coal; I  met  with  a  fubitance,  the  conducting 
power  of  which  is  fmgular,  and  exhibits  a  beau- 
tiful appearance.  In  order  to  fee  what  v\^ould 
remain  after  burning  a  quantity  of  turpentine 
in  a  glafs  tube,  I  covered  it  with  fand,  in  a 
crucible,  in  the  fame  manner  in  which  I  ufed 
to  make  charcoal ;  and,  after  letting  it  conti- 
nue a  fufficient  time,  in  a  very  hot  fire,  and  after 
the  flame  had  l.oi)g  ceafed,  I  examined  the 
tvibe,  and  found  that  it  had  been  melted  •,  biit, 
S  inftcad 
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inflead  of  any  thing  like  charcoal,  or  the  leaft 
blacknefs,  I  obferved  that  the  tube  was  uni- 
formly lined  with  a  whitijh  glojfy  matter^  which 
I  could  not  fcrape  off.  Upon  trying  whether  it 
would  condufl  eleflricity,  I  found  it  tranfmit- 
ted  the  fmalleft  fhocks,  to  a  confiderable  dif- 
tancej^and,  what  appeared  very  remarkable, 
the  path  of  the  explofion  was  luminous  all  the 
way,  and  feemed  to  confift  of  a  prodigious 
number  of  fmall  feparate  fparks,  fcattered  to  a 
great  diftance,  exhibiting  fuch  an  appearance 
as  would  be  made  by  firing  gunpowder  fcat- 
tered carelefsly  in  a  line.  The  explofion  very 
much  refembled  the  firing  of  a  fquib.  To 
compare  it  to  another  eleftric  appearance,  it 
was  like  the  explofion  pafTing  over*  a  thin 
furface  of  gilding. 

I  imagine  that,  though  I  could  not  perceive 
any  interruption  in  this  white  coating,  not  even 
by  the  help  of  a  microfcope,  it  muft,  in  fad, 
have  been  full  of  interftices,  and  the  eleflric 
fparks  coxild  only  be  vifible  in  pafTing  from  one 
conducing  particle  to  another. 

In  this  experiment,  I  often  got  pieces  of  glafs 
very  imperfeflly  covered,  with  intervals  in  the 
white  coating  very  large  and  vifible ;  but, 
though  I  expofed  the  fame  pieces  of  glafs  to 
catch  more  of  this  matter,  I  never  could  get 
4  a  coating 


Experiments  and  Ohfervations  on  Charcoal.  259 

a  coating  of  it  fo  thick,  but  that,  in  tranfmit- 
ting  the  eleclrical  explofion  through  it,  it  ex- 
hibited the  fame  luminous  appearance,  as  if 
there  were  interftices  in  the  circuit. 

I  got  the  fame  matter  from  oil  of  turpentine^ 
and  oil  of  olives  ;  but  not  from  bees-wax,  or 
fpermaceti  oil.  Perhaps  it  cannot  be  got  from 
any  animal  fubftance. 

In  order  to  obferve  the  progrefs  of  this  in- 
cruftation,  I  poured  oil  of  turpentine  on  fome 
flat  pieces  of  glafs,  and  burned  them  on  an  iron 
_  plate,  in  the  open  fire,  the  heat  being  mode- 
rate 5  but  the  efFeft  was  a  black  covering,  like 
foot,  which  would  not  conduct  in  the  leall. 
But  thefe  fame  pieces  of  glafs,  thus  covered 
with  the  black  coating,  being  put  into  a  cru- 
cible full  of  fand,  and  urged  with  a  ftrong 
heat,  came  out  white,  and  conduced  exactly 
as  before. 

With  a  lefs  degree  of  heat,  the  black  co- 
vering was  changed  to  white ;  but  it  did  not 
adhere  fo  firmly  to  the  glafs  as  when  the  heat 
had  been  greater ;  though  it  adhered  more 
clofely  than  the  black  covering,  which  might 
be  wiped  off  with  a  feather.  But  this  white 
coating,  produced  by  a  moderate  heat,  would 
not  conduct  at  all. 

S  2  u 
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In  fome  cafes  I  have  found  this  whitifh  mat- 
to  be  difperfed  by  feveral  explofions,  as  Dr. 
Franklin  found  gilding  with  leaf-gold  to  be. 

In  whatever  manner  the  pieces  of  glafs  were 
covered,  the  coating  vanifhcd  when  it  was  made 
red-hot  in  an  open  fire  ;  and  the  glafs  that  re- 
mained would  not  conduct,  any  more  than  it 
did  before.  This  circumftance  exaftly  refem- 
bied  the  efcape  of  phlogifton  from  charcoal 
and  metal,  burned  in  the  open  air. 

In  a  microfcope,  this  whitifh  matter  looked 
exaftly  like  metal,  or  rather  fome  of  the  femi- 
metals,  having  a  bjight  polifh,  though  it  foon 
became,  as  it  were,  tarniflied. 

To  try  whether  it  was  metal,  I  dipped  the 
pieces  of  glafs  that  were  covered  with  it  m 
the  acids^  but  found  that  they  had  little  or  no 
cfie<5t  upon  it,  though  it  is  by  no  means  fixed 
in  the  pores  of  the  gl;ifs,  but  covers  it  quite 
iiiperficially. 

It  was  not  in  the  leaft  affeded  by  the  mag- 
net.  Upon  the  whole,  the  matter  that  forms 
this  coating  of  the  glafs  feems  to  be  a  kind  of 
charcoal,  only  white  inftcad  of  black. 

Confidcr- 
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Confidering  that  metals  refemble  charcoal, 
in  that  they  confift  of  an  earth  united  to  phlo- 
gifton,  and  that  charcoal  will  not  confume 
without  burning  in  the  open  air  (there  being, 
probably,  fomething  in  the  atmofphere  with 
which  it  can  unite,  on  the  principle  of  chymi- 
cal  affinities,  the  moment  it  is  feparated  from 
the  m.etallic  bafe)  I  imagined  that  metals  mighc 
not  calcine,  or  vitrify,  except  in  the  fame  cir- 
cumflances,  and  the  event  verified  my  con- 
jedlure. 

I  took  a  certain  quantity  of  lead^  and  having 
put  it  into  an  open  crucible,  obferved  that  it 
was  all  vitrified  in  ten  minutes  •,  but  the  fame 
■quantity  of  lead,  covered  with  pipe-clay,  and 
fand,  was  kept  feveral  hours  in  a  much  hotter 
fire,  and  was  hardly  wafted  at  all,  the  bottom 
of  the  crucible  only  being  flightly  glazed  ;  it 
having  been  impolTible  v/hoily  to  exclude  all 
accefs  of  air,  and  fome  being  necefTarily  in 
conta£t  with  it  when  the  procefs  began.  Treat- 
ing charcoal  in  the  fame  manner,  I  could  never 
prevent  fome  lofs  of  weight,  when  the  crucible 
•>vas  kept  in  a  very  hot  fire,  for  feveral  hours. 

As,  by  this  procefs,  lead  v.^ill  bear  a  much 

greater  degree  of  heat  than  would  calcine,  or 

vitrify  it,  in  the  open  air,  I  fhould  think  it 

probable,  tha;  ^ead  thus  prepared  mufl  have 

^3  the 
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the  phlogifton  more  clofely  united  to  its  earthy 
bafe,  and  be  thereby  a  better  conduftor  than 
common  lead ;  fmce  this  is  the  cafe  with  char- 
coal thus  treated.  Perhaps  lead,  and  other 
bafe  metals,  may  have  their  quality  altered, 
and  be  improved  in  other  refpefts  alfo  by  this 
procefs  •,  though  they  fhould  not  be  changed 
into  gold  by  it.  I  found,  however,  that  the 
fpecific  gravity  is  not  changed  by  this  procefs ; 
fo  that,  alas !  it  is  flill  but  lead. 
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SECTION    XV. 

Of  the  Impregnation  of  W^ter  with  Fixed  Air. 

PART    I. 

^he  Hijlory  of  the  Difcovery. 

It  often  amufcs  me  when  I  review  the  hiftory 
of  experimental  philofophy,  to  obferve  how 
very  nearly  one  difcovery  is  conne6ted  with 
another,  and  yet  that,  for  a  long  time,  no  per- 
fon  Ihall  have  perceived  that  connexion,  fo  as 
to  have  been  aftually  led  from  the  one  to  the 
other}  and  efpecially  that  he  who  made  the 
firft  difcovery  fhould  ftop  fhort  in  his  progrefs, 
and  not  advance  a  fingle  ftep  farther,  to  make 
the  other,  which  was  perhaps  of  infinitely  more 
confequence.  And  yet  the  cafe  may  be  fuch, 
that  it  fhall  be  fo  far  from  requiring  more  ge- 
nius, or  ingenuity,  to  advance  that  other  ftep, 
that  it  is  rather  a  matter  of  wonder,  how  it 
was  pofiible  for  the  moft  common  capacity  to 
ftop  fhort  of  it.  We  alfo  frequently  find  that 
they  who  make  the  moft  important  philofo- 
phical  difcoveries  overlook  the  mofl  obvious 
ufes  of  them.  Several  ftriking  examples  of 
S  4  this 
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this  kind  will  be  found  in  my  Hijlory  of  elec^ 
tricity\  and  alfo  in  the  Hijiory  of  difcoveries  re- 
lating to  vijion^  light ^  and 'colours. 

In  fuch  cafes  as  thefe  it  behoves  an  hiftorian 
to  be  much  upon  his  guard,  left  he  Ihould 
haftily  conclude  that  to  have  been  fad  which 
he  only  imagines  muft  have  been  fo,  but  for 
which  no  diredt  evidence  can  be  produced.  As 
this  is  a  cafe  of  fome  curiofity  refp"e6ling  the 
human  mind,  I  fliall  give  an  inftance  of  it  • 
and  I  am  able  to  produce  a  very  remg.rk.able 
one  relating  to  the  fubjed:  of  this  fedion. 

"When  it  was  difcovered  that  the  acidulous 
tafte  and  peculiar  virtues  of  Pyrmont  water, 
and  other  mineral  waters  of  a  fimilar  nature,' 
were  owing  to  the  fixed  air  which  they  con- 
tained •,  when  this  air  had, been  actually  ex- 
pelled from  the  water,  and  it  was  found  that 
the  fame  water,  and  even  other  water,  would 
reimbibe  the  fame  air ;  we  are  apt  to  conclude, 
that  the  perfon  who  made  thefe  difcoveries^ 
and  efpecially  the  laft  of  them  (who  alfo  mult 
have  known  that  fixed  air  is  a  thing  very  eafy 
to  be  procured)  muft  have  immediately  gone 
to  work  to  reduce  this  theory  into  Dra^iice,  by 
a  dually  impregnating  common  water  with 
fixed  air,  in  order  to  give  it  the  peculiar  vir- 
tues of  thofe  medicinal  rnineral.  waters  which 

are 
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gre  fo  highly,  and  fo  juftly  valued,  and  which 
^re  procured  at  fo  great  an  expence,  efpecially; 
in  this  country.  Accordingly,  Dr.  Npoth  has 
advanced,  Phil.  T.ranf.  vol.  6^^  p.  c^(^^  that 
i'  the  polTibility  of  irnpregnating  water  with 
"  fixed  air  was  no  fooner  afcertained  by  expe- 
"  riment,  than  various  methods  were  con- 
*:'  trived  to  effedl  the  impregnation ;"  and  I 
^oubt  not  this  ingenious  philofopher  impofed 
upon  himfclf  in  the  manner  defcribed  above. 
This,  however,  is  fo  far  from  being  the  cafe, 
that  I  do  not  believe  it  is  polfible  to  produce 
ihe  ieaft  evidence  that  any  perfon  had  the  thing 
in  view  before  the  publication  of  my  pamphlet 
iipon  that  fubjed,  in  the  year  1772. 

Indeed,  had  this  thing  been  fo  much  as  an 
olje^  of  attention  to  philofophers,  it  is  im- 
pofTiblc  but  that  fome  of  them  muft  have  hit 
Vipon  a  method  that  would  have  fufficiently 
fucceeded.  Nay,  the  thing  is  fo  very  eafy, 
and  the  end  attairiable  in  fo  many  ways,  that 
there  muft  have  been,  in  a  very  fliort  time,  a 
great  variety  of  methods  to  impregnate  water 
with  fixed  air,  as  there  are  now-,  and  we 
ihould  certainly  have  heard  of  artificial  mineral 
waters  being  m.ade  according  to  them.  It  is 
impoffible  not  to  conclude  fo,  when  we  con- 
fider  the  time  that  has  elapfed  fince  the  pub- 
lication of  all  the  difcoveries  that  led  to  it. 

Dr, 
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Dr.  Brownrigg's  paper,  giving  an  account 
of  his  difcovery  of  fixed  air  in  the  Spa  water, 
was  read  at  the  Royal  Society  June  the  13  th 
1765,  and  was  publifhed  in  1766.  This  ex- 
cellent philofopher  compleatly  decompofed 
that  mineral  water,  but  he  gives  no  hint  of 
his  having  fo  much  as  attempted  to  recompofe 
it,  or  of  making  a  fimilar  water,  by  impreg- 
nating common  water  with  the  fame  volatile 
principle.  It  is  fufficiently  evident  that  he 
had  not  thought  of  this,  though  we  may  won- 
der that  he  Ihould  not  have  done  it,  becaufe 
he  has  not  mentioned  it  as  an  object  of 
purfuit. 

In  the  year  following,  Mr.  Cavendifh's 
valuable  papers  on  the  fubje6l  of  faftitious  air 
were  publifhed.  He  firft  afcertained  how 
much  fixed  air  a  given  quantity  of  water  could 
be  made  to  imbibe;  yet  it  does  not  appear 
that  he  ever  thought  of  tajiing  the  water, 
much  lefs  that  he  thought  of  making  any 
practical  ufe  of  his  difcovery. 

If  any  negative  argument  can  be  dccifive, 
•it. is  that  in  1772,  the  very  year  in  which  my 
pamphlet  came  out.  Dr.  Falconer  publifhed 
his  excellent  and  elaborate  treatife  on  the  Bath 
"jjaters^  in  which  he  treats  very  largely  of 
mineral  w^aters  in  general,  and  all  their  pofTible 

impreg^ 
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impregnations  •,  and  yet,  though  he  treats  of 
fixed  air  as  one  ingredient  in  many  of  them, 
fee  p.  185,  he  drops  no  hint  about  compofmg 
fuch  water,  by  imparting  fixed  air  to  com- 
mon water.  Alfo  on  the  12  th  of  September 
in  the  fame  year,  Dr.  Rutherford  publiihed  his 
ingenious  Dijfertation  on  Fixed  Air^  in  which  he 
fpeaks  of  the  prefence  of  it  in  Pyrmont  w^ater, 
p.  3,  but  without  giving  the  leafb  hint  of  his 
being  acquainted  with  any  method  of  imitating 
them.  And  yet  Dr.  Nooth  fays,  in  fadt,  that 
from  the  year  1766,  at  the  latefr,  'various 
methods  were  contrived  to  effecb  the  impreg- 
■  nation,  though  he  allows* that  I  was  the  only 
perfon  who  "  publiflied  any  defcription  of  an 
"  apparatus  calculated  entirely  for  tliis  pur- 
"  pofe." 

According  to  this  account  of  the  matter 
there  were,  in  the  interval  between  1766  and 
1772,  a  fpace  of  fix  years,  a  variety  of  me- 
thods for  impregnating  water  with  fixed  air, 
fome  of  them  prior  to,  and  perhaps  much 
better  than  mine  (though  he  gives  no  hint  of 
his  own  having  been  invented  in  that  period, 
but  fpeaks  of  it  as  fuggefted  by  the  confider- 
ation  of  the  imperfe6lion  of  mine)  but  that  I 
happened  to  get  the  fiiart  in  the  publication. 
Dr.  Falconer,  however,  though  the  friend  of 
Dr.  Nooth  (fee  his  Treatife  on  Bath  Water, 

vol. 
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^Si\.  2.  p.  323)  had  certainly  never  heard  of 
any  of  thofe  methods,  or  even  of  mine,  at 
tl'ie  very  termination  .of  that  period  \  and  tho^ 
my  Qwn  acquaintance  with  philofophical  and 
medical  people  is  pretty  extenfive,  I  neve;-. 
lieard  of  any  of  the  various  methods  that  Dr. 
Nooth  fpeaks  of;  nor  fince  the  publication  of 
my  method  have  I  heard  of  any  perfon  what- 
ever having  pretended  to  have  done  the  fame 
thing  before  •,  though  nothing  is  more  common 
than  fuch  claims,  and  very  often  on  the  moft 
f rifling  pretences. 

Mr.  Venelle,  indfed,  immediately  upon  the 
|:ranilation  of  my  pamphlet  into  French,  which 
was  within  a  few  weeks  after  the  publication 
of  it  in  Englifh  (owing  to  the  laudable  zeal  of 
Mr.  TrudainCj  for  promoting  all  philofophical 
and  ufeful  improvements)  publilhed  an  extract 
of  his  papers  from  the  Memoires  de  Mathema- 
ttque  ^  de  Phyfique^  to  vindicate  to  himfeif  not 
my  difcovery,  but,  in  fadl,  that  of  Dr.  Brown- 
rigg.  However,  what  he  pretendSj,to  have  dif- 
covered  was,  that  the  virtues  qf  the  acidulous 
waters  were  owing  to  air^  in  general,  without 
having  any  idea  of  the  difference  between  fixed 
air  and  common  air-,  fo  that  his  difcovery  was 
fo  far  from  being  the  fame  with  mine,  that  it 
could  not  polTibly  have  led  into  it.     . 

As 
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As  I  have  hitherto  only  publiilied  the  method 
of  impregnating  water  v/ith  fixed  air  in  a  fmall 
pamphlet,  for  the  ufe  of  thofe  who  might  chufe 
to  reduce  it  into  pra6lice,  without  giving  any 
account  of  the  manner  in  which  the  difcovery 
(if  it  cleferves  to  be  called  one)  was  made, 
which  has  been  my  cuftom  v/ith  relpeft  to  every 
thing  elfe,  I  fliall  do  it  here  •,  and  I  hope  the 
narrative  will  not  be  altogether  dilpleafmg,  as 
this  bufinefs  has  gained  fo  much  attention  ia 
all  parts  of  Europe,  as  well  as  in  England,  and 
promifts  in  a  fliort  time  to  fave  the  very  great 
expence  of  tranfporting  acidulous  waters  to 
confiderable  diltances,  by  fuperfe^iing,  in  a 
great  meafure,  the  ufe  of  them.  And  though 
what  I  have  done  in  this  bufmefs  has  certainly 
the  leaft  merit  pofllble  witl»  refrjecl  to  inge- 
nuity^ I  fliali  always  connder  it  as  one  of  the 
happiefi  thoughts  that  ever  occurred  to  me ; 
becaufe  it  has  proved  to  be  of  very  fignal  be- 
nefit to  mankind,  and  will,  I  doubt  not,  be 
of  much  more  confequence  in  a  courfe  of 
time. 

It  was  a  little  after  Midfummer  in  1767, 
that  I  removed  from  Warrington  to  Leeds-, 
and  living,  for  the  firft  year,  in  a  houfe  that  was 
contiguous  to  a  large  common  brewery,  fo 
good  an  opportunity  produced  in  me  an  in- 
clination to  make  fome  experiments  on  the 

fixed 
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fixed  air  that  was  conflantly  produced  in  it. 
Had  it  not  been  for  this  circumftance,  I  fhould, 
probably,  never  have  attended  to  the  fubjed; 
of  air  at  all.  Happening  to  have  read  Dr. 
Brownrigg's  excellent  paper  on  the  Spa  water 
about  the  fame  time,  one  of  the  firft  things 
that  I  did  in  this  brewery  was  to  place  Ihallow 
veffels  of  water  within  the  region  of  fixed  air, 
on  the  furface  of  the  fermenting  veflels  ;  and 
having  left  them  all  night,  I  generally  found, 
the  next  morning,  that  the  water  had  acquired 
a  very  fenfible  and  pleafant  impregnation ; 
and  it  was  with  peculiar  fatisfadion  that  I  firfl 
drank  of  this  water,  which  I  believe  was  the 
firft  of  its  kind  that  had  ever  been  tafted  by 
man. 

This  procefs,  however,  was  very  flow.  But 
after  fome  time  it  occurred  to  me,  that  the 
impregnation  might  be  accelerated,  by  pour- 
ing the  water  from  one  velTel  into  another, 
while  they  were  both  held  within  the  fphere  of" 
the  fixed  air ;  and  accordingly  I  found  that  I 
could  do  as  much  in  about  five  minutes  in  this 
way,  as  I  had  been  able  to  do  in  many  hours 
before.  Several  of  my  friends  who  vifited  me 
while  I  lived  in  that  houfe  will  remember  my 
taking  them  into  that  brewery,  and  giving 
them  a  glafs  of  this  artificial  Pyrmont  water, 
made  in  their  prefencc.     Among  others,  I  will 

take 
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take  the  liberty  to  mention  John  Lee,  Efq;  of 
Lincoln's  Inn,  who  was  particularly  ftruck 
with  the  contrivance,  and  the  efFe6t  of  it. 
This  was  in  the  fummer  of  the  year  1 768. 

One  would  naturally  think,  that  having 
aftually  impregnated  common  water  with  fixed 
air,  produced  in  a  brewery,  I  fhould  imme- 
diately have  fet  about  doing  the  fame  thing 
with  air  fet  loofe  from  chalk,  &c.  by  feme  of 
the  flronger  acids ;  and  I  do  remember  that  it 
did  occur  to  me  that  the  thing  v/as  pofTible. 
But,  eafy  as  the  pradice  proved  to  be,  no 
method  of  doing  it  at  that  time  occurred  to 
me.  I  ftill  continued  to  make  my  Pyrmont 
water  in  the  manner  abovementioned  till  I  left 
that  fituation,  which  was  about  the  end  of  the 
fummer  1768*-  and  from  that  time,  being  en- 
gaged in  other  fimilar  purfuits,  with  the  refult 
of  which  the  public  are  acquainted,  I  made 
no  more  of  the  Pyrmont  water  till  the  fpring 
of* the  year  1772. 

In  the  mean  time  I  had  acquainted  all  my 
friends  with  what  I  had  done,  and  frequently- 
expreffed  my  wiihes  that  perfons  who  had  the 
care  of  large  diftilkries  (where  I  was  told  that 
fermentation  was  much  ftronger  than  in  com- 
mon breweries)  would  contrive  to  have  vefTels 
of  water  fufpended  within  the  fixed  air,  which 

they 
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they  produced,  with  a  farther  contrivance  for 
agitating  the  furface  of  the  water ;  as  I  did 
not  doubt  but  that,  by  this  meansj  they  mighty 
with  little  or  no  expence^  make  great  quanti-- 
tities  of  Pyrmont  water  \  by  which  they  might 
at  the  fame  time  both  ferre  the  Public,  and 
benefit  themfelves.  For  I  never  had  the  moft 
diftant  thought  of  making  any  advantage  of 
the  fcheme  myfelf. 

In  all  this  times,  viz;  from  1767  to  1772,  I 
never  heard  of  any  method  of  impregnating 
water  with  fixed  air  but  that  abovementioned; 
My  thinking  at  all  of  reducing  to  pradice  any 
method  of  effefting  this,  by  air  diilodged  frorri 
chalk,  and  other  calcareous  fubftancesj  was 
owing  to  a  mere  accident.  Being  at  dinner 
with  the  Duke  of  Northumberland,  in  the 
fpring  of  the  year  lafl  mentioned,  his  Grace 
produced  a  bottle  of  water  diftilled  by  Dr.  Ir- 
ving for  the  ufe  of  the  navy.  This  wate^ 
was  perfe<5lly  fweet,  but,  like  all  diftiiled 
waterj  wanted  the  briiknefs  and  fpirit  of  freDi 
fpring  water;  when  it  immediately  occurred 
to  me  that  I  could  eafily  mend  that  water  for 
the  ufe  of  the  navy^  and  perhaps  fupply  them 
with  an  eafy  and  cheap  method  of  preventing 
or  curing  the  fea  fcurvyj  viz.  by  impregna- 
ting it  with  fixed  air;  For  having  been  buff^ 
about  a  year  before  with  my  expetimetits  oh 
I  air. 
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air,  in  the  courfe  of  which  I  had  afcertained 
{{it  proportional  quantity  of  feveral  kinds  of 
ixiv  that  given  quantities  of  water  would  take 
up,  I  was  at  no  lofs  for  the  method  of  doing 
I't  in  general,  viz.  inverting  a  jar  filled  v/ith 
water,  and  conveying  air  into  it  from  bladders 
previoufly  filled  with  air.  This  fcherae  I  im- 
mediately mentioned  to  the  Duke  and  the  com- 
pany, Who  all  feemed  to  be  much  pleafed  "With 
it,  and  cxprtiTed  their  wifhes  that  I  would  at- 
tend to  it,  and  endeavour  to  reduce  it  into 
pradice'i  which  I  promiied  to  do. 

The  next'  day  I  provided  a  fmall  apparatus, 
adapted  to  this  purpofc,  at  my  lodgings, 
wJiich  was  very  ealy,  as  it  required  no  other 
velTels  but  fuch  as  are  in  conftant  family  ufe, 
and  with  this  I  prelentiy  impregnated  a  quan- 
tity of  the  New  River  water,  fo  as  to  mal^e  it 
iiTibibe  about  its  bulk  of  air.  But  I  was  far 
from  having  hit  upon  the  eafteji  method  of  do- 
ing it  •,  for  my  jars  were  of  an  equal  width 
throughout.  However,  with  thefe  vefTels  the 
procels  was  compleatcd  in  about  twenty  mi- 
nutes, or  half  an  hour. 

A  few  days  after  this,  having  an  invitation 

to  wait  upon  Sir  George  Savile,  I  earned  with 

me   a  bottle  of  my  impregnated  water,    and 

told  him  the  ufe  that  m.ight  be  made  of  it, 

T  viz. 
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viz.  that  of  fupplying  a  pleafant  and  vvhole- 
fome  beverage  for  feamen,  and  fuch  as  might 
probably  prevent  or  cure  the  fea-fcurvy.  Sir 
George,  with  that  warmth  with  which  he 
efpoiifes  every  thing  that  he  conceives  to  be 
for  the  public  good,  infifted  upon  writing  a 
card  immediately  to  Lord  Sandwich,  propofmg 
to  introduce  me  to  him,  as  having  a  ■propofal 
for  the  ufe  of  the  na'-oy.  As  I  could  make  no 
objedtion,  the  card  was  accordingly  written, 
and  an  anfwer  was  prefently  returned  from  his 
Lordlhip,  informing  us  that  he  would  be  glad 
to  fee  us  the  next  day.  Upon  this  I  drew  up 
fomething  in  the  form  of  a  propofal^  which, 
accompanied  by  Sir  George,  I  prefented  to 
his  Lordfhip,  who  promifed  to  lay  it  before  the 
Board  of  Admiralty. 

Prefently  after  this  I  had  nptice  from  the 
Secretary  to  the  Board  of  Admiralty,  that  the 
College  of  Phyficians  were  appointed  to  examine 
my  propofal,  and  to  make  their  report  of  it 
to  the  Board,  and  an  early  day  was  fixed  for 
me  to  wait  upon  them  at  their  hall  in  War- 
wick-Lane; where,  before  a  very  full  meet- 
ing, I  produced  a  bottle  of  my  impregnated 
water,  and  alfo,  at  their  requeil,  fetched  my 
apparatus,  and  lliev/ed  them  the  manner  in 
which  I  had  impregnated  it.  There  were  pre- 
sent feveral  of  the^moft  eminent  phyficians  in 

London ; 
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London  ;  but  both  the  fcheme,  and  the  ohje^ 
of  it,  appeared  to  be  intirely  new  to  every  one 
of  them  •,  and  moft  of  them  feemed  to  be 
much  pleafed  with  it. 

Accordingly,  a  favourable  report  was  made 
to  the  Board  of  Admiralty,  and  I  v/as  ac- 
quainted by  the  Secretary,  that  the  captains 
of  the  two  jfliips  which  v/ere  juft  then  failing 
for  the  South-Seas  had  orders  to  make  trial  of 
the  impregnated  water ;  and  for  their  ufe  I 
drew  out  my  Direolions  in  writing,  and  fent  a 
drawing  of  the  necelTary  apparatus.  The  me- 
thod which  I  had  now  got  into  was  a  great 
improvement  upon  that  which  I  had  made  ufe 
of  before  the  College  of  Phyficians.  For,  in 
confequence  of  giving  more  attention  to  it,  I 
had,  by  that  time,  brought  it  to  the  ilate  in 
'  which  it  is  defcribed  in  the  pamphlet* 

In  the  mean  time,  I  had^  before  I  left  Lon- 
don, in  the  fpring  of  that  year,  niade  the  ex- 
periment of  the  impregnation  of  water  Svith 
fixed  air  in  the  prefence  of  m>oft  of  my  philofo- 
phical  acquaintance,  and  their  friends,  both 
at  my  own  lodgings,  and  in  other  places.  But 
upon  none  of  thefe  occafions  did  it  appear  that 
any  of  them  had  heard  of  any  other  perfoa 
having  had  the  fame  thing  in  view. 

T  7,  LafUy, 
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Laftly,  I  will  oblerve,  that  Sir  John  Pringl^, 
in  his  Difcourfe  on  different  kinds  of  air  (in 
which  he  has,  with  the  greateft  exadnefs, 
afligned  to  every  perlbn  concerned  in  thefe 
dilcoveries  their  due  fhare  of  praife)  gives  no 
hint  of  his  being  acquainted  with  any  othex 
method  of  impregnating  water  with  fixed  air, 
than  that  which  1  had  publillied.  He  certainly 
had  not  heard  of  any  of  thofe  to  which  Dr. 
Nooth  alludes. 

As  I  have  nor  to  this  day,  diredly  or  indi- 
rectly, made  the  Icaft  advantage  of  this  fcheme; 
but,  on  the  contrary,  am  juft  fo  much  a  lofer 
by  it  as  the  experiments  coll  me,  I  think  it  is 
not  too  much  for  the  Public  to  allow  me, 
what  I  believe  is  flri6tly  my  due,  the  fole  merit 
of  the  difcovery  ;  which  with  refped  to  ingenuity, 
or  fagacity,  is  next  to  nothing  •,  but  with  re- 
fpe(ft  to  its  utility  is,  unqueftionably,  of  un- 
ipeakable  value  to,  my  country  and  to  man- 
kind. 
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PART         II. 

Directions  for  impregnating  ^  Pl'V  e  r 
•with  Fixed  Air. 


Sect.  i.  The  Br e face  to  the  Dire^lons  as  firfi 

publifhed. 

The  method  of  Impregnating  water  with 
Hxed  air,  of  which  a  defcription  is  given  in 
this  pamphlet,  I  hit  upon  in  a  courfe  of  exj^e- 
riments,  an  account  of  which  was  lately  com- 
municated to  the  Royal  Society  ;  containing 
obfervations  on  feveral  different  kinds  of  air, 
with  only  a  hint  of  the  method  of  combining 
this  particular  kind  with  water  or  other  fluids. 
Judging  that  water  thus  impregnated  with 
fixed  air  mlill  be  particularly  ferviceable  in 
long  voyages,  by  preventing  or  curing  the 
fea-fcurvy,  according  to  the  theory  of  Dr. 
Macbride,  and  all  the  Phyficians  of  my  ac- 
quaintance concurring  with  me  in  that  opi- 
nion, I  made  the  lirft  communication  of  it  to 
the  Lords  of  the  Admiralty,  who  referred  me 
to  the  College  of  Phyficians  •,  and  thofe  gen- 
tlemen being  pleafed  to  make  a  report  favour- 
able to  the  fcheme,  a  trial  has  been  ordered  to 
T  3  be 


2  7  §     21?  impregnate  Water  "cvith  Fixed  Air* 

be  made  of  it  on  board  fome  of  his  majefty's 
Ihips.  To  make  this  procefs  more"  generally 
known,  and  that  more  frequent  trials  may  be 
made  by  water  thus  medicated,  at  land  as  well 
as  at  fea,  I  have  been  induced  to  make  the  pre- 
fent  publication. 

Sir  John  Pringle  firft  cbferved,  that  putre-i. 
faftion  was  checked  by  fermentation,  and  Dr. 
Macbride  difcovered  that  this  effecl  was  pro- 
duced by  the  fixed  air  which  is  generated  in 
that  procefs,  and  upon  that  principle  recom- 
mended the  ufe  of  wort^  as  fuppiying  a  quan- 
tity of  thi3  fixed  air,  by  fermentation  in  the 
ftomach,  in  the  fame  manner  as  it  is  done  by 
frelh  vegetables,  for  which  he,  therefore, 
thought  that  it  would  be  a  fubftitutej  and  ex- 
perience has  confirmed  his  conjcdure.  Dr. 
Plack  found  that  lime-ilone,  and' all  calcareous 
fubftances,  contain  fixed  air,  that  the  pre- 
fence  of  it  makes  them  vv'hat  is  called  mild^ 
and  that  the  deprivation  of  it  renders  them 
cauftic-y  Dr.  Brownrigg  farther  difcovered  that 
Pyrm.ont,  and  other  mineral  waters,  which 
have  the  fame  acidulous  tafte,  contain  a  confi- 
derable  proportion  of  this  very  kind  of  air, 
and  that  upon  this  their  peculiar  fpirit  and  vir- 
tues depend  -,  and  1  think  myfelf  fortunate  in 
liaving  hit  ypon  a  very  eafy  method  of  commu- 
liicating  this  air  tp  any  kind  of  water,  or,  in- 

4eed^ 
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deed,  to  almoft  any  fluid  fubflance.  In  fhort, 
by  this  method  this  great  antifeptic  principle 
may  be  adminiflered  in  a  variety  of  agreeable 
vehicles. 

If  this  difcOvery  (though  it  doth  not  deferve 
that  name)  be  of  any  ufe  to  my  countrymen, 
and  to  mankind  at  large,  I  fhall  have  my  re- 
ward. For  this  purpofe  I  have  made  the  com- 
munication as  early  as  I  conveniently  could, 
fmce  the  latefl  improvements  that  I  have  made 
in  the  procefs  ;  and  I  cannot  help  cxprefling 
my  willies,  that  all  perfons,  who  dilcover  any 
thing  that  promifes  to  be  generally  ufefulj 
would  adopt  the  lame  method. 


Sect.  2.    The  Directions, 

If  water  be  only  in  contafl  with  fixed  air, 
it  will  begin  to  imbibe  it,  but  the  mixture  is 
greatly  accelerated  by  agitation,  which  is  con- 
tinually bringing  frefh  particles  of  air  and 
water  into  contadt.  All  that  is  necefTary,  there- 
fore, to  make  this  procefs  expeditious  and  ef- 
fectual, is  firil  to  procure  a  fufficient  quantity 
of  this  fixed  air,  and  then  to  contrive  a  method 
by  which  the  air  and  water  may  be  ftrongly 
agitated  in  the  fame  veiTel,  without  any  danger 
of  admitting  the  common  air  to  them  j  and  this 

T  4  '  is 


28o    To  impregnate  IVater  with  Fixed  Air. 

is  eafily  done  by  firft  fill'ng  any  veflel  with 
water,  and  introducing  the  fixed  air  to  it,  while 
it  ftands  inverted  in  another  veitel  of  water* 
That  every  part  of  the  procefs  may  be  as  'n- 
telligible  as  poffible,  even  to  thofe  who  have 
no  previous  knovvledge  of  the  rubje*5l, .  I  Ihall 
defciibe  it  very  minutely,  fubjoining  feveral 
remarks  and  obfervations  relatino;  id  varieties 
in  the  procefs,  and  other  things  of  a  mifcella- 
neous  nature.  .  ^  >-     .   .. 


'The  Preparation.   - 

Take  a  glafs  Ve0el,  ^,  pi.  2 .  fig.  i .  with  a  pret- 
ty narrow  neck,  but  fo  formed,  that  it  will  (land 
upright  with  its  mouth  downwards,  and  having 
filled  it  with  water,  lay  a  flip  of  clean  paper, 
or  thin  pafteboard,  upon  it.  '1  hen,  if.  xhcj 
be  prefixed  clofe  together,  the  veltel  may  be 
turned  upfide  down,  without  danger  of  ad- 
mitting common  air  into  it ;  and  when  it  is 
thus  inverted,  it  mud  be  placed  in  another 
veffcl,  in  the  form  of  a  bowl  or  bafon,  ^,  with 
a  little  water  in  it,  fo  much  as  to  permit  the 
flip  of  paper  or  pafleooard  to  be  withdrawn. 
End  the  end  of  the  pipe  c  to  be  introduced. 

This  pipe  mufc  be  flexible,  and  air-tight, 
for  which  purpofe  it  is,  I  believe,   belt  made 

'     '*     *  -  'of 
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of  leather,  fewed  with  a  waxed  thread,  in  the 
manner  ufed  by  (hoe-makers.  Into  each  end 
of  this  pipe  a  piece  of  a  quill  fhould  be  thruft, 
to  keep  them  open,  while  one  of  them  is  in- 
troduced into  the  vefiel  of  water,  and  the  other 
into  the  bladder  ^,  the  oppofite  end  of  which 
is  tied  round  a  cork,  which  muft  be  perforated, 
the  whole  being  kept  open  by  a  quill ;  and  the 
cork  muft  fit  a  phial  e,  two  thirds  of  which 
ihould  be  filled  with  chalk  juft  covered  with 
water. 

I  have  fmce,  however,  found  it  moft  con- 
venient to  ufe  a  glafs  tube^  and  to  preferve  the 
advantage  which  I  had,  of  agitating  the  vefTel  e^ 
I  have  two  bladders^  communicating  by  a  per- 
forated cork,  to  which  they  are  both  tied.  For 
one  bladder  would  hardly  give  room  enough 
for  that  purpofe. 


'The  Procefi\ 

Things  being  thus  prepared,  and  the  phial 
containing  the  chalk  and  water  being  detached 
from  the  bladder,  and  the  pipe  alio  from  the 
vefTel  of  water,  pour  a  little  oil  of  vitriol  upon 
the  chalk  and  water  -,  and  having  carefully 
prefTed  all  the  common  air  out  of  the  bladder, 
put  the  cork  into  the  bottle  prefently  after  the 
*  ■  I  effer- 
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effervefcence  has  begun.  Alfo  prefs  the  blad- 
der once  more  after  a  little  of  the  newly  gene- 
rated air  has  got  into  it,  in  order  the  more 
efFedtually  to  clear  it  of  all  the  remains  of  the 
common  air  •,  and  then  introduce  the  end  of  the 
pipe  into  the  mouth  of  the  veffel  of  water  as 
in  the  drawing,  and  begin  to  agitate  the  chalk 
and  water  brifkly.  This  will  prefently  pro- 
duce a  confiderable  quantity  of  fixed  air,  which 
will  diftend  the  bladder ;  and  this  being  prefTed, 
the  air  will  force  its  way  through  the  pipe,  and 
afcend  into  the  veffel  of  water,  the  water  at  the 
fame  time  defcending,  and  coming  into  the 
bafon. 

When  about  one  half  of  the  water  is  forced 
out,  let  the  operator  lay  his  hand  upon  the 
uppermoft  part  of  the  veffel,  and  Ihake  it  as 
briflvly  as  he  can,  not  to  throw  the  water  out 
of  the  bafon  ;  and  in  a  few  minutes  the  water 
will  abforb  the  air  •,  and  taking  its  place,  will 
nearly  fill  the  veffel  as  at  the  firft.  Then  Ihake 
the  phial  containing  the  chalk  and  water  again, 
and  force  more  air  into  the  veffel,  till,  upon 
the  wiiole,  about  an  equal  bulk  of  air  has  been 
thrown  into  it.  Alfo  fhake  the  water  as  be- 
fore, till  no  more  of  the  air  can  be  imbibed. 
As  foon  as  this  is  perceived  to  be  the  cafe,  the 
water  is  ready  for  ufe ;  and  if  it  be  not  ufed 
immediately,  Ihould  be  put   into   a  bottle  as 

foon 
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foon  as  pofTible,  well  corked,  and  cemented. 
It  will  keep,  however,  very  well,  if  the  bottle 
be  only  well  corked,  and  kept  v/ith  the  mouth 
downwards. 


Ohfervations. 

1.  The  bafon  may  be  placed  inverted  upon 
the  vefTel  full  of  water,  with  a  flip  of  paper 
between  them,  and  then  both  turned  upfide 
down  together;  but  all  this  trouble  ^y ill  be 
faved  by  having  a  larger  veffel  of  water,  in 
which  both  of  them  may  be  immerfed. 

2.  If-  the  veffel  containing  the  v/ater  to  be 
agitated  be  large,  it  may  be  moil  convenient 
firft  to  place  it  inverted,  in  a  bafon  full  of 
water,  and  then  to  draw  out  the  comm^on  air 
by  means  of  a  fyphon,  either  making  ufe  of 
a  fyringe,  or  drawing  it  out  with  the  mouth. 
In  this  cafe,  alfo,  fome  kind  of  handle  fhould 
be  fallened  to  the  bottom  of  the  veffel,  for  the 
more  eafy  agitation  of  it. 

3.  A  narrow  mouthed  veffel  is  not  neceffary, 
but  it  is  the  moil:  proper  for  the  purpofe,  be- 
caufe  it  may  be  agitated  with  lefs  danger  of 
the  common  air  getting  into  it. 

4..  The 
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4.  The  flexible  pipe  is  not  necelTary,  though 
I  think  it  is  exceedingly  convenient.  When 
it  is  not  iifed,  a  hent  tube,  a^  fig.  2.  (for  which 
glafs  is  the  moft  proper)  muft  be  ready  to  be 
jnferted  into  the  hole  made  in  the  cork,  when 
the  bladder  containing  the  fixed  air  is  feparatecj 
from  the  phial,  in  which  it  was  generated, 
The  extremity  of  this  tube  being  put  under  the 
yeflel  of  water,  and  the  bladder  being  com- 
prefTed,  the  air  will  be  conveyed  into  it,  as 
before. 

5.  If  the  ufe  of  a  bladder  be  objeded  to, 
though  nothing  can  be  more  inoffenfive,  the 
phial  containing  the  chalk  and  water  muft  not 
te  agitated  at  all,  or  with  the  greateft  caution ; 
unlefs  a  fmall  phial,  ^,.  ng,  3.  be  interpofed 
between  the  phial  and  the  veffel  of  water,  in 
the  manner  reprefented  in  the  -  drawing.  For 
by  this  means  the  chalk  aqd  water  that  may 
be  thrown  up  the  tube  b  will  lodge  at  the  bot- 
tom of  the  phial  a,  while  nothing  but  the  air 
will  get  into  the  pipe  <:,  and  fo  enter  the  water. 
If  the  tube  b  be  made  of  tin  or  copper,  the 
fmall  phial  a  will  not  need  any  other  fupport, 
the  cork  into  which  the  extremities  of  both 
the  tubes  are  inferted  being  made  to  fit  t^e 
phial  very  exadiy. 

6.  the 
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5.  The  phial  <?,  fig.  i.  Ihould  always  be 
placed,  of  held,  confiderably  lower  than  the 
veflel  a  ;  that  if  any  part  of  the  mixture  fhould 
be  thrown  up  into  the  bladder,  it  may  remain 
in  the  lower  part  of  it,  from  which  it  may  be 
ealily  prelTed  back  again.  This,  however,  is 
not  necelTary,  fince  if  it  remain  in  the  lower 
part  of  the  bladder,  nothing  but  the  pure  air 
will  ^et  into  the  pipe,  and  fo  into  the  v.'-ater. 

7.  If  much  more  than  half  of  the  vefTel  be 
filled  with  air,  there  will  not  be  a  body  of 
water  fufficient  to  agitate,  and  the  procefs  will 
take  up  much  m.ore  time. 

8.  If  the  chalk  be  too  finely  powdered,  it 
will  yield  the  fixed  air  too  fall. 

9.  After  every  procefs,  the  water  to  which 
the  chalk  is  put  mull  be  changed. 

10.  It  will  be  proper  to  fill  the  bladder  with 
water  once  every  day,  after  it  has  been  ufed, 
that  any  of  the  oil  of  vitriol  which  may  have 
got  into  it,  and  would  be  in  danger  of  cor- 
roding it,  may  be  thoroughly  diluted. 

1 1 .  The  veflel,  which  I  have  generally  made 
ufe  of,  holds  about  three  pints,  and  the  phial 
containing  the  chalk  and  water  is  one  of  ten, 

ounces ; 
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ounces;  and  I  find  that  a  little  more  than  a 
tea-fpoonful  of  oil  of  vitriol  is  fufficient  to 
produce  as  much  air  as  will  impregnate  that 
quantity  of  water. 

12.  If  the  veflel  containing  the  water  be 
larger,  the  phial  containing  the  chalk  and  the 
oil  of  vitriol  fhould  either  be  larger  in  pro- 
portion, or  frefh  water  and  oil  of  vitriol  muil 
be  put  to  the  chalk,  to  produce  the  requifite 
quantity  of  air. 

13.  In  general,  the  whole  procefs  does  not 
take  up  more  than  about  a  quarter  of  an  hour, 
the  agitation  not  five  minutes  ;  and  in  nearly 
the  fame  time  might  a  veflel  of  water,  con- 
taining two  or  three  gallons,  or  indeed  any 
quantity  that  a  perfon  could  well  Ihake,  be 
impregnated  with  fixed  air,  if  the  phial  con- 
taining the  chalk  and  oil  of  vitriol,  be  larger 
in  the  fame  proportion. 

14.  To  give  the  water  as  much  air  as  it  can 
receive  in  this  way,  the  procefs  may  be  repeated 
with  the  water  thus  impregnated.  I  generally 
chufe  to  do  it  two  or  three  times,  but  very 
little  will  be  gained  by  repeating  it  oftener  5 
fmce,  after  fome  time,  as  much  fixed  air  will 
efcape  from  that  part  of  the  furface  of  the 

2  water 
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water  which  is  expofed  to  the  common  air,  as 
can  be  imbibed  from  within  the  veffel. 

15.  All  calcareous  fubftance.s  contain  fixed 
air,  and  any  acids  may  be  ufed  in  order  to  fet 
it  loofe  from  them  •,  but  chalk  and  oil  of  vi- 
triol are,  both  of  them,  the  cheapell,  and, 
upon  the  whole,  the  beft  for  the  purpofe. 

16.  It  may  poflibly  be  imagined  that  part 
of  the  oil  of  vitriol  is  rendered  volatile  in  this 
procefs,  and  fo  becomes  mixed  with  the  v/ater ; 
but  it  does  not  appear,  by  the  moft  rigid  chy- 
mical  examination,  that  the  leaft  perceivable 
quantity  of  the  acid  gets  into  the  water  in  this 
way  •,  and  if  fo  fmall  a  quantity  as  a  fmgle 
drop  of  oil  of  vitriol  be  mixed  with  a  pint  of 
water  (and  a  much  greater  quantity  would  be 
far  from  making  it  lefs  wholefome)  it  might 
be  difcovered.  The  experiments  which  were 
made  to  afcertain  this  fa6l  were  made  with 
dijiilkd  water^  the  difagreeable  tafte  of  which 
is  not  taken  off,  in  any  degree,  by  the  mixture 
of  fixed  air.  Otherwife,  diftilled  water,  being 
clogged  with  no  foreign  principle,  will  imbibe 
fixed  air  fafber,  and  retain  a  greater  quantity  of 
it  than  other  water.  In  the  experiments  that 
were  made  for  this  purpofe,  I  was  afllfted  by 
Mr.  Hey,  a  furgeou  in  Leeds,   who  is  well 

IkiUed 
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ikilled  in  the  methods  of  examining  the  pro? 
perties  of  mineral  waters. 

17.  Doftor  Brownrigg,  who  made  his  expe- 
riments on  Fyrmont  water  at  the  fpring  headi 
never  found  that  it  contained  fo  much  as  one 
half  of  an  equal  bulk  of  air  •,  but  in  this  me- 
thod the  water  is  eafily  made  to  imbibe  an 
equal  bulk.  For  it  muil  be  oblerved,  that  u 
confiderable  quantity  of  the  moil  foluble  part 
of  the  air  is  incorporated  with  the  water,  as 
it  firft  afcends  through  it,  before  it  occupies 
its  place  in  the  upper  part  of  the  velfel. 

18.  The  heat  of  boiling  water  will  expel  all 
the  fixed  air^  if  a  phial  containing  this  im- 
pregnated water  be  held  in  it  •,  but  it  will  often 
require  above  half  an  hour  to  effect  it  com- 
pleatly; 

19.  If  any  perfon  would  chufe  to  make  tfiis 
medicated  water  more  nearly  to  refemble  ge- 
nuine Pyrmont  water,  Sir  John  Pringle  in- 
forms me^  that  from  eight  to  ten  drops  of 
lAn^ura  Martls  cum  jpiritu  falis  mufl  be  mixed 
with  every  pint  of  it.  It  is  agreed,  however, 
on  all  hands,  that  tlie  peculiar  virtues  of  Pyr- 
mont, or  any  other  mineral  water  which  has 
the  fame  brifk  or  acidulous  tafte,  depend  not 

upon 
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upon  its  being  a  chalybeate,    byt  upon  the 
fixed  air  which  it  contains, 

But  water  impregnated  with  fixed  air  does 
of  itlelf  dillblve  iron,  as  the  ingenious  Mr. 
Lane  has  difcovered  j  and  iron  filings  put  to 
this  medicated  water  make  a  ftrong  and  agree- 
able chalybeate,  fimilar  to  fome  other  natural 
chalybcates,  which  hold  the  iron  in  folution 
by  means  of  fixed  air  only,  and  not  by  means 
of  any  acid  ;  and  thefe  chalybeates,  I  am  in- 
formed, are  generally  the  moft  agreeable  to  the 
Jtomach. 

20,  By  this  procefs  may  fixed  air  be  given 
to  wine,  beer,  and  almoft  any  liquor  whatever : 
^nd  when  beer  is  become  fiat  or  dead,  it  will 
be  revived  by  this  means  \  but  the  delicate 
agreeable  flavour,  or  acidulous  taite  commu- 
nicated by  the  fixed  air,  and  which  is  manifefl 
in  water,  \yill  hardly  be  perceived  in  wine,  or 
other  liquors  which  have  much  tafte  of  their 
own. 

21.  I  would  not  interfere  with  the  province 
pf  the  phyfician,  but  I  cannot  intirely  fatisfy 
myfelf  without  taking  this  opportunity  to  fug- 
ged fuch  hints  as  have  occurred  to  myfelf,  or 
fny  friends,  with  refpedl  to  the  medicinal  ufes 

U      .  of 


290   J'o  impregnate  Water  with  Fixed  Air.  ' 

of  water  impregnated  with  fixed  air,  and  alfo 
of  fixed  air  in  other  applicatioiis. 

In  general,  the  difeafes  in  which  water  im- 
pregnated with  fixed  air  will  moft  probably  be 
ferviceable,  are  thofe  of  a  putrid  nature,  of 
which  kind  is  the  fea-fcurvy.  It  can  hardly 
be  doubted,  alfo,  but  that  this  water  muft  have 
ail  the  medicinal  virtues  of  Pyrmont  water, 
and  of  other  mineral  waters  fimilar  to  it, 
whatever  they  be  ;  efpecially  if  a  few  iron 
filings  be  put  to  it,  to  render  it  a  chalybeate, 
like  genuine  Pyrmont  water.  It  is  poflible, 
however,  that,  in  fome  cafes,  it  may  be  de- 
firable  to  have  t\iz  fixed  air  of  Pyrmont  water, 
without  the  iron  which  it  contains. 

Having  thi^  opportunity,  I  fhall  alfo  hint 
the  application  of  fixed  air  in  the  form  of 
clyjlers^  which  occurred  to  me  while  I  was  at- 
tending to  this  fubjed:,  as  what  promifes  to  be 
ufeful  to  corred  putrefadion  in  the  inteftinal 
canal,  and  other  parts  of  the  fyftem  to  which 
it  may,  by  this  channel,  be  conveyed.  It  has 
been  tried  once  by  Mr.  Hey  above-mentione4, 
and  the  recovery  of  the  patient  from  an  alarm- 
ing putrid  fever,  when  the  ftools  were  become 
black,  hot,  and  very  fetid,  was  fo  circum- 
ftanced,  that  it  is  not  improbable  but  that  it 
might  be  owing,    in  fome  meafure,  to  thofe 

clyfters. 
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clyfters.     The  application,  however,  appeared 
to  be  perfe6tly  ealy  and  fafe, 

I  cannot  help  thinking  that  fixed  air  might 
he  applied   externally   to  good  advantage  in 
other  cafes  of  a  putrid  nature,  even  when  the 
whole  fyftem  was  afFe6ted.     There  would  be 
no  difficulty  in  placing  the  body  fo,  that  the 
greateft  part  of  its  furface  fnould  be  expofed 
to  this  kind  of  air  ;  and  if  a  piece  of  putrid 
fiefh  will  become  firm  and  fweet  in  that  fitu- 
ation,    as  Dr.  Macbride  found,  fome  advan- 
tage, I  fhould  think,  might  be  expected  from 
the  fame  antifeptic  application,  aflifted  by  the 
'uis  vita.,  operating  internally,  to  counteract  the 
fame  putrid  tendency.     Some  Indians,  I  have 
been  informed,  bury  their  patients,  labouring 
under  putrid  difeafes,   up  to  the  chin  in  frefli 
mould,  which  is  alfo  known  to  take  off  the 
fcetor  from   flelh  meat  beginning  to  putrify. 
If  this  praftice  be  of  any  ufe,  may  it  not  be 
owing  to  the  fixed  air  imbibed  by  the  pores  of 
the  fkin  in  that  fituation  ?  Following  the  plough 
is  alfo  an  old  prefcription  for  a  confumption, 
as  alfo  is  living  near  lime  kilns'.      There  is 
often  fome  good  reafon  for  very  old  and  long 
continued  pra6lices,    though   it   is  frequently 
a  long  time  before  it  be  difcovered,  and  the 
rationale  of  them  f-itisfadlorily  explained. 


U  2  Being; 
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Being  no  phyfician,  I  run  no  rifque  by 
throwing  out  thefe  random  hints  and  con^ 
jeftures.  I  fhall  think  myfelf  happy,  if  an)r 
of  them  Ihould  be  the  means  of  making  thole 
perfons,  whom  they  immediately  concern,  at- 
tend more  particularly  to  the  fubjeft.  My 
friend  Dr.  Percival  has  for  fome  time  paft  been 
employed  in  making  experiments  on  fixed  air, 
and  he  is  particularly  attentive  to  the  medi-' 
cinal  ufes  of  it ;  and  from  his  knowledge  as 
a  philofopher,  and  fl^ill  in  his  profeflionj  X 
have  very  confiderable  expedations.  ' 


PART 
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PART.      III. 

0/  i>r.  Nooth'j  Obje^ions  to  the  preceding 
Method  of  impregnating  IVater  zvith  fixed  Air^ 
ayid  a  Comparifon  of  it  with  his  own  Method, 
doth  as  puMiJhed  by  himfelf  and  as  improved 
hy  Mr.  Parker, 

I  can  cafily  forgive  Dr.  Nooth  for  his  repre- 
fenting  me  as  having  no  other  merit  than  the 
firfi  publicatton  of  the  method  for  impregnating 
water  with  hxed  air,  accounting  for  it  as  I 
have  done  before ;  but  I  cannot  fo  eafily  for- 
give another  paragraph  in  his  paper,  the  ten- 
dency of  which  is  intirely  to  difcredit  a  me- 
thod", which,  though  it  is,  in  fome  refpefts, 
mterior  to  his  own^  has  neverthelefs  its  pecu- 
liar advantages  :  and  every  advantage  cannot 
poflibly  concur  in  any  one  metliod.  He  fays, 
p.  59,  "  Independent  of  the  inconveniencies 
"  attending  the  procefs,  there  was  another  ob- 
"  jedion  to  the  apparatus,  which,  with  moil 
"  people,  might  have  confiderable  weight. 
**  The  bladder,  which  formed  part  of  it,  was 
"  thought  to  render  the  water  offenfivci  and 
*'  when  the  folvent  power  of  fixed  air  is  con- 
"  fide  red  J  it  v/ill  not  appear  improbable,  that 
■  V   ^  ''  the 
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"  the  water  would  be  always  more  or  lefs 
"  tainted  by  the  bladder.  In  fome  trials  which 
"  I  made  with  Dr.  Prieftley's  apparatus,  it 
"  always  happened  that  the  water  acquired  an 
"  urinous  flavour  •,  and  this  tafte  was,  in  ge- 
"  neral,  fo  predominant,  that  it  could  not  be 
"  fwallowed  without  fome  degree  of  reluc- 
"  tance." 

That  Dr.  Nooth  did  produce  an  impreg- 
nated water  which  he  could  not  fwallow  with- 
out relu6lance,  and  even  that,  in  the  trials  to 
which  he  refers,  he  generally  produced  fuch 
water,  I  am  far  from  doubting  ^  becaufe  that 
might  happen  from  various  caufes.  But  that 
the  urinous  flavour  came  from  the  bladder^  as 
fuch,  I  will  venture  to  fay  is  not  pofTible.  For 
then  it  would  always  have  had  the  fame  effect ; 
and  not  only  myfelf  have  never  perceived  fuch 
a  flavour  as  the  Dodbor  complains  of,  but  this 
is  the  only  complaint  of  the  kind  that  I  have 
hitherto  heard  of;  though  many  perfons  of  the 
moft  delicate  tafte,  and  particularly  many  la- 
dies, have  ufed  the  water  impregnated  in  my 
method  for  months  together.  Few  perfons 
have  Iiad  to  do  v/ith  bladders,  and  fixed  air 
confined  in  bladders,  more  than  myfelf-,  and 
yet  I  have  never  feen  any  reafon  to  fufpedl  this 
■gresit  fohent  pozver  of  fixed  air  with  refpe6t  to 
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them  •,  efpecially  fo  as  to  be  apparent  in  the 
fpace  of  a  few  minutes. 

But  fuppofmg  the  fixed  air  to  be  capable  of 
diffolving  the  whole  bladder,  and  to  carry  it 
along  with  itfelf  into  the  impregnated  water, 
no  phyfician,  or  philofopher,  will  pretend  to 
fay  that  it  could  have  any  more  tendency  to 
give  it  an  urinous  flavour,  than  if  it  had  been 
any  other  membrane  of  the  animal  body. 

Indeed,  as  the  Do6lor  himfelf  does  not  pre- 
tend to  fay  that  this  frrange  urinous  flavour 
was  the  effedt  of  ^//  the  impregnations  of  water 
made  in  my  method,  but  only  in  fame  of  them 
(though  it  was  generally  fo,  in  thofe  particular 
trials)  it  is  evident,  from  his  tacit  confefTion, 
that  it  mull  have  been  an  accidental  thing,  and 
could  not  have  come  from  the  bladder,  which 
I  fuppofe  he  made  ufe  of  in  all  trials.  For  he 
has  not  done  me  the  juftice  to  acknowledge 
that,  in  my  pamphlet,  among  the  various  me- 
thods of  effecting  the  impregnation  of  water,  I 
have  defcribed  one  in  which  no  bladder  is  made 
ufe  of.  When  the  Do6tor  fhall  once  more 
produce  this  urinous  flavour  (and  as  a  new 
and  curious  experiment,  it  is  certainly  worthy 
of  his  farther  inveltigation)  taking  care  that  no 
carelefs  fervant  fhall  have  mixed  any  urine  in 
U  4  the" 
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the  water  that  he  calls  for,  I  Ihall  give  this 
new  objeftion  to  my  procefs  a  farther  examina- 
tion. At  prefent  I  am  inclined  to  confider 
this  as  an  experiment  of ,  the  fervant,  rather 
than  of  the  Dodtor  himfelf. 

Several  perfons  have  thought  that  fixed  air 
dikharged  from  impure  chalk  gives  the  water  that 
is  impregnated  with  it  a  diiagreeable  flavour; 
but  this  I  have  never  obferved  myfelf  •,  and 
any  other  calcareous  matter  may  be  ufed  in  my 
method,  as  well  as  in  that  of  Dr.  Nooth,  who 
recommends  chalk,  as  the  beft  upon  the  whole. 

I  fliall  conclude  thefe  animadverfions  with, 
doing  what  Dr.  Nooth  ought  to  have  done  be- 
fore me,  viz.  fairly  Hating  the  advantages 
and  difadvantages  of  our  two  methods.  His 
method  requires  lefsjkill  in  the  operator,  and  a 
lefs  confiant  attention.  It  is  alfo  more  elegant 
and  cleanly,  I  mean  with  refpe6l  to  the  cpe- 
rator  •,  for  this  does  not  at,  ail  affedt  the  im- 
pregnated  water.  On  thefe  accounts  I  gene- 
rally recommend  and  make  ufe  of  his  method 
myfelf,  efpecially  as  the  glalTes  are  made  with 
improvements  by  Mr.  Parker.  But  if  Dr. 
Nooth  be  candid,  he  niuft  acknowledge  that 
my  method  requires,  much  lefs  time.,  and  is  much 
lefs  expenf.ve  j  and  therefore  muft  be  more  pro- 
per 
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per  when  a  great  quantity  of  impregnated 
water  is  wanted  ;  and  efpecially  when  there  is 
but  little  room  to  make  it  in. 

My  method  indeed  requires  a  condant  at- 
tendance, but  I  queftion  whether,  upon  the 
whole,  more  than  is  neceflary  to  be  given  to 
Dr.  Nooth's  method  at  intervals,  if  tlie  water 
be  at  all  agitated  •,  confidering  that  mine 
does  not  require  one-tenth  part  cf  the  time. 
And  though  my  method  requires  fome  little 
fkill  and  addrefs,  it  is  not  fo  much,  but  that 
many  perlbns,  altogether  unufed  to  experi- 
ments, have,  to  my  knowledge,  fucceeded 
in  it  very  well,  and  have  made  the  im^preg- 
jnated  v/ater  in  a  conftant  v/ay  for  their  family 
ufe,  and  without  any  affiftance  befides  what 
they  got  from  the  printed  diredions.  My  ap- 
paratus coils  little  or  nothing,  becaufe  no  vcf- 
fels  are  made  for  the  purpofe  *,  and  both  the 
chalk  and  the  acids  are  made  to  go  as  far  as 
pofTible,  by  means  of  the  convenient  agita-; 
tion  of  the  vefiel  in  which  they  are  contained. 
Whereas  Dr.  Nooth's  method  requires  a  pecu- 
liar and  expenfive  apparatus,  and  more  Wafte 
is  unavoidable  in  the  ufe  of  it.  However,  for 
the  reafons  abovemientioned,  I  have  never  re- 
commended my  own  method  for  the  ufe  of  a 
family  fmce  I  have  been  acquainted  v/ith  his. 

What 
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"What  I  have  faid  above  is  rather  applicable 
to  the  apparatus  as  it  is  made  by  Mr.  Parker, 
than  to  that  which  Dr.  Nooth  has  defcribed. 
For  Mr.  Parker's  glafles  are,  in  my  opinion, 
confiderably  improved  from  thofe  of  Dr. 
Nooth.  It  may  be  faid  that  the  improvements 
confill  in  little  things  %  but  little  things  may 
have  great  efFe6ts ;  and,  after  the  difcovery  of 
the  firft  method  of  accomplilhing  this  end,  all 
fubfequent  methods  may  be  called  little  things  ; 
and  they  may  be  endlefsly  diverfified,  without 
any  great  claim  of  merit.  I  have  feen  feveral 
very  ingenious  methods  fmce  the  publication 
of  mine,  though  none  that  I  like  fo  much, 
upon  the  whole,  as  that  of  Dr.  Nooth,  im- 
proved by  Mr.  Parker. 

In  Dr.  Nooth's  apparatus,  if  any  more  air 
than  is  wanted  be  produced,  the  water  will 
run  out  of  the  uppermofl  vefTel.  To  ufe  his 
own  words,  p.  63,  "  Should  more  air  be  ex- 
"  tricated  than  is  fufficient,  in  the  condu6t  of 
"  the  procefs,  to  fill  that  veflel,  the  water  will 
"  run  over  the  top  of  it,  and  will  continue  to 
"  run  as  long  as  any  air  afcends  in  the  middle 
"  veffel,  or  till  the  furface  of  the  water  is  be- 
"  low  the  extremity  of  the  bent  tube-,  and  in 
"  this  cafe  the  whole  would  be  wet  and  dif- 
"  agreeable."     But    this    difagreeable   confe- 
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quence  can  never  happen  in  the  ufe  of  Mr.' 
Parker's  glafies,  becaufe  the  bent  tube  in 
which  the  uppermoft  vefTel  terminates  is  made 
of  fuch  a  length,  that  the  water  expelled  from 
the  middle  vefTel  can  do  no  more  than  nearly 
fill  the  uppermoft,  and  can  never  run  over ; 
fo  that  whereas  Dr.  Nooth's  apparatus  requires 
a  conftant  attendance,  Mr.  Parker's  requires 
none.  The  materials  being  once  put  into  it, 
the  procefs  will  go  on  of  itfelf,  without  any- 
farther  care  -,  unlefs  the  operator  ihould  chufe 
to  accelerate  the  impregnation  by  now  and 
then  letting  out  the  air  that  is  not  eafily  ab- 
forbed,  and  by  agitating  the  water.  This  I 
think  to  be  a  confiderable  advantage  gained 
by  a  very  eafy  contrivance  of  Mr.  Parker's, 
overlooked  by  Dr.  Nooth. 

Mr.  Parker  derives  another  confiderable  ad- 
vantage from  a  channel  which  he  cuts  in  the 
ftopper  of  his  uppermoft  veffel,  or  from  a 
ftopper  with  a  hole  through  the  middle,  which 
Dr.  Nooth  has  not  in  his;  fo  that  either  the 
operator  muft  be  careful  to  take  it  out  during 
the  effervefcence,  or  it  will  be  driven  out,  or 
fome  of  the  veffels  will  burft,  to  the  great  dan- 
ger of  the  by-ftanders  \  which  aftually  hap- 
pened in  one  made  by  Mr.  Parker,  before  he 
thought  of  this  method  to  prevent  it.  Whereas, 
4  through 


2pO,  Ohje^ioM  to  the  Method 

through  the  channel  in  Mr.  Parker's  apparatus^ 
the  common  air  eafily  efcapes  from  the  upper- 
moft  velTel,  to  make  room  for  the  water  to 
afcend  •  and  when,  in  the  continuance  of  the 
procefs,  the  fixed  air  rifes  through  the  bent 
tube  into  the  uppermoft  velTel,  it  lodges  upon 
the  furface  of  the  water  in  it ;  and  the  com- 
munication between  it  and  the  comition  air 
being  fo  much  obftru6ted,  they  are  fufficiently 
feparated  j  fo  that  even  the  water  in  the  up- 
f)ermoft  Veflel  has  (if  the  produ6lion  of  air  be 
copious)  almoll  as  much  advantage  for  re- 
ceiving the  impregnation;  as  that  in  the  middle 
Veflel.     This  advantage  Dr.  Nooth  lofes. 

AlfOj  when  he  chufes  to  feparate  the  two 
iippermoft  veflels  from  the  loweil^  in  order  to 
agitate  the  water,'  he  muft  either  leave  the 
mouth  of  the  uppermoil  veflel  open,  in  v/hicH 
cafe  he  can  hardly  agitate  the  water  at  all  •,  or 
(as  he  prefers  to  do  it)  he  mufi:  put  the  ftopper 
in,  and  confequently  admit  the  common  air  to 
pafs  his  valve^  and  mix  \vith  the  fixed  air^ 
which  mult  greatly  retard  the  abforptidn  of  it: 
whereas  Mr.  Parker's  veflels  may  be  agitated 
with  the  ftopper  in^  which,  admitting  the  com- 
mon air  into  the  upper  veflel,  through  the  chan- 
nel cut  in  it  (or  through  the  hole  of  the  Hopper) 
permits  the  water  to  defcend  into  the  lower,  on 
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the  furface  of  which  nothing  but  fixed  air  is 
incumbent.  Should  any  common  air  enter  by 
the  valve,  which  in  this  cafe  it  hardly  would, 
the  finger  of  the  perfon  who  Ihakes  the  veflel 
may  eafily  be  placed  fo  as  to  prevent  it. 

Laftly,  I  confider  it  as  a  valuable  improve- 
ment in  Mr.  Parker's  apparatus,  that,  by 
means  of  the  openings  into  the  middle  and 
loweift  velTels,  clofed  with  ground  floppies,  the 
operator  is  enabled  to  draw  ofi^  his  water,  in 
order  to  tafte  it  occafionatly,  or  to  add  to  his 
oil  of  vitriol  or  chalk,  &c.  at  pleafure,  with- 
out giving  himfelf  the  trouble  of  feparating  the 
yelTels  from  one  another  for  thofe  purpofes. 

The  firft  apparatus  that  I  faw  of  Mr.  Par- 
ker's had  no  'valve  at  all,  but  only  a  glafs 
ftopple,  with  one  or  more  fmall  perforations, 
for  the  afcent  of  the  air  into  the  middle  veffel. 
This  1  ftill  generally  make  ufe  of,  without 
finding  any  occafion  for  a  valve ;  the  afcent 
of  the  fixed  air  fufficiently  preventing  the  de- 
fcent  of  the  water,  as  long  as  the  procefs  con- 
pnues,  efpecially  when  pounded  marble  is 
iifed.  This  fubftance  Dr.  Franklin  recom- 
mended to  me,  and  I  give  it  the  preference 
very  greatly  to  chalk,  chiefly  on  account  of 
the  length  of  time  that  is  required  to  expel  the 

air 
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air  from  it :  For  without  any  frefh  acid,  it 
will  often  continue  to  yield  air  for  feveral 
days  together. 

That  thofe  perfons  who  are  not  poflefled  of 
the  Englifh  Philofophical  l^ranfaSiions^  and 
particularly  foreigners,  may  underftand  what 
has  preceded,  I  fhall  in  the  third  plate,  in  this 
volume,  give  a  drawing  of  Dr.  Nooth's  appa- 
ratus, as  improved  by  Mr.  Parker,  with  the 
following  general  defcription  of  it. 

In  the  loweft  veflel,  the  chalk  or  marble, 
and  the  water  acidulated  with  oil  of  vitriol, 
muft  be  put,  and  into  the  middle  veffel  the 
water  to  be  impregnated.  During  the  effer- 
vefcence,  the  fixed  air  rifes  into  the  middle 
veffel,  and  reils  upon  the  furface  of  the  water 
in  it,  while  the  water  that  is  difplaced  by  the 
air  rifes  through  the  bent  tube  into  the  upper- 
moft  veffel,  the  common  air  going  out  through 
the  channel  in  the  Hopple.  When  the  bent 
tube  is  of  a  proper  length,  the  procefs  re- 
quires no  attention  •,  and  if  the  production 
of  air  be  copious,  the  water  will  generally  be 
fufficiently  impregnated  in  five  or  fix  hours. 
At  lead,  all  the  attention  that  needs  be  given 
to  it  is  to  raife  the  uppermofl  veffel  once  or 
twice,  to  let  out  that  part  of  the  fixed   air 
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which  is  not  readily  abforbed  by  water.  If 
the  operator  chufe  to  accelerate  the  procefs, 
by  agitating  the  water,  he  muft  feparate  the 
two  uppermoft  vefTels  from  the  loweft.  For 
if  he  Ihould  agitate  them  all  together,  he  will 
occafion  too  copious  a  produ6tion  of  air;  and 
he  will  alfo  be  in  danger  of  throwing  the  li- 
quor contained  in  the  loweft  veflel  into  contact 
with  the  ftopple  which  feparates  it  from  the 
middle  veffel,  by  which  means  fome  of  the  oil 
of  vitriol  might  get  into  the  water, 
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SECTION    XVI. 

An  Account  of  fome  MifrefoefehtatiGns  of  tks, 
Author'* s  Sentiments^  and  of  fome  Differences 
of  Opinion  with  refpeif  to  the  St^^bjeB  of  Air. 

I  have  always  flattered  myfelfj  and  the  opi- 
nion of  others  has  concurred  to  confirm  me  in 
the  perfuafion,  that  my  writings  were  very  in- 
telligible, fo  that  few  perfons  could  well  mif- 
take  my  meaning ;  and  indeed  I  haye  no  reafon 
to  complain  of  my  countrymen  in  this  refped. 
But  I  have  beeq  fingularly  unfortunate  with 
refpedt  tp  foreigners-^  owing,  I  fuppofe,  to 
their  not  underftanding  the  Englifh  language. 
For  it  cannot  be  that  philofophers^  and  thpfe 
whom  I  confider  as  my  fellow-labourers  in 
thefe  refearches,  fhould  have  givpn  fo  little  at- 
tention to  this  bufmefs,  as  to  have  mifrepre- 
fented  my  meaning  fo  grpfsly  as  they  have 
done,  either  through  a  hafty  perufal  of  my  wri- 
tings, or  fuch  an  ignorance  of  the  fubjed,  as 
rendered  them  incapable  of  underftanding  me  •, 
much  lefs  can  it  be  fuppofed  that  any  of  them 
would  wilfully  mifreprefent  my  meaning. 

J  Suchj 


(f^he^dthor* s  Sentiments.  305 

Such,  however,  is  the  fad,  that,  I  believe 
no  example  can  be  produced  of  any  perfon 
whofe  meaning  has  been  fo  egregioufiy  mif- 
taken  as  mine  has  been,  and  even  by  phiiofo- 
pHers,  and  writers  of  great  reputation,  whofe 
works  v/iil  neceffariiy  go  into  many  hand?, 
'and  confequently  give  a  very  unjuft  and  very 
\mfavourable  idea  of  my  fentiments.  I  think 
^proper,  therefore,  in  this  feftion,  to  enume- 
rate, m  as  brief  a  manner  as  I  pofTibly  can, 
not  all  the  miftakcs  that  have  been  made  by  all 
■tJiofe  who  have  undertaken  to  give  an  account 
of  my  experiments,  for  then  I  muft  have  made 
a  book  upon  the  fubjed:,  but  thofe  of  a  few 
writers  of  reputation^ 

That  I  do  not  exaggerate  in  what  I  have  faid 
above,  will  not  be  thought  incredible  by  my 
Teader,  when  I  inform  him  that  in  Mr,  Ro- 
•fier's  tranjQation  of  my  firll  papers,  communi- 
cated to  the  Royal  Society,  which  made  no 
more  than  a  quarto  pamphlet,  the  French 
tranflator  of  the  former  volume  of  this  work 
told  me  (for  I  have  never  had  patience  to  read 
it  myfelf)  that  he  had  noted  fourfcore  faults 
which  afFefted  the  fenfe,  exclufive  of  inaccura- 
cies of  flyle.  Thefe  fourfcore  faults  I  fliall 
therefore  intirely  pafs  over^  having,  I  hope,  faid 
enough  to  caution  my  reader  not  to  look  into 
that  work  for  an  account  of  any  thing  that  I 
have  fiid  or  done.  I  Ihall  not  even  think  it 
X  worth 
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worth  v^Iiile  to  note  all  the  miftakes  of  Mr.  La- 
vpifier,  and  I  fnall  be  as  concife  as  pofiible  in  my 
remarks,  exlnbiting  what  I  have  been  repreiented 
as  faying  in  one  coltimn,  and  what  I  have  really 
faid  in  another.  Mr.  Lavoiner's  work  is  intitled, 
Gpufcules  Fhyfiqius  ci?  Chymiqites^  and  will  foon 
be  pubiifhed  in  Engiifli  •,  Sig.  Landriani's  is  called 
Ricerche  hifiche  intorno  alia  faliihrita  dalVaria.    » 


ilf;-.  La^oo'ifiers  Acccimt  of  7!iy 
Experiments  andO hjervations . 


The  true  Acccmit  of  them. ' 


Monf.  PrieMey,  p.  iii,  af-        Onthecontr;;ry,Ifaid,p.27, 
ferts  a  fad  which  would  prove    that  the  veflel  had  its  nioutk_ 
that  fixed  air  is  not  heavier  </oT.t;;z'u;^zr^j ;  from  which  a  con- 
than  common  air ;  faying  that   trary  conciufioa  will  foliow. 
a  candle  will  continue  to  burn 
in  a  vefi'el   plunged  into  an 
atracfphere  of  fixed  air  with 
its  mouth  iip'^jjards. 


P.  112,  he  fays  that  gun- 
powder has  this  peculiar  pro- 
perty, that  being  fired  in  fixed 
fir,  the  whole  of  it  will  in- 
corporate with  that  air,  and 
that  no  part  of  it  will  efcapc 
into  the  common  air. 

P.  114,  Monf.  Prieflley  af- 
ferts  as  an  extraordinary  faft, 
that  fixed  air  diminifned  by 
iron  filings  and  brimllone  is 
not  noxious  to  animals,  and 
that  it  docs  not  differ  from 
common  air. 


I  have  only  faid   that  this 

would  be  the  cafe  v/hen  the 
quantity  of  gunpowder  was 
very  fmall,  and  the  body  of 
fixed  air  on  the  furface  of  the 
fermenting  liquor  very  Ibong. 


What  I  have  faid,  p.  42,  is 
that,  in  one  cafe  only,  a  quan- 
tity of  this  air  was  not  very 
noxious  to  animals;  and  I  at- 
tribute that  degree  of  whole- 
fomenefs  in  this  air  to  my  ha- 
ving inadvertently  agitated  it 
in  water,  at  a  time  when  I 
was  not  aware  of  tiie  eli'ed  of 
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fuch  agitation;  and  in  the 
fame  place  I  obferve,  that  in 
another  quantity  of  fixed  air, 
which  had  undergone  the  fame 
procefs,  a  moufe  died  pretty 
Ibcn. 


P.  115,  One  of  his  expe-  The  other  experiments  are 
riments  would  ieem  to  prove  thofe  of  Mr.  Hey,  which  were 
that  there  is  an  acid  in  fixed  not  intended  to  prove  that 
air,  whereas  others  of  his  ex-  fixed  air  is  not  an  acid;  but 
periments  contraditt  that  opi-  that  water  impregnated  with 
nion.  it  is  not  made  acid  by  any  of 

the  oil  of  vitriol  beingrendered 
volatile,   and  mixing  with  it. 

P.  116,  Snails  die  imme-  I  only  mentioned  a  Jingle 
diately  and  irrecoverably  in  expcriinent,  p.  36,  with  one 
fixed  air.  particular  fnail. 

P.  119,  He  transferred  very       In  reality  J   only  put    the 

hot  air  into  a  receiver,  and  candle  (fee  p.  49)  into  air  that 

having  placed  a  candle  in  it,  had  been   rhade  'very  hot,  but 

found  that  it  burned  as  well  which  was  then  quite  cold. 
as  in  cold  air. 

P.  122,  Inflammable  air  I  faid,  p.  63,  that  a  candle 
long  agitated  in  v/ater  ap-  burned  in  this  air  as  in  com- 
pears to  differ  in  nothing  from  mon  air,  only  more  faintly; 
common  air.  but  that,  by  the  tell;  of  nitrous 

.air,  it  did  not  appear  to  be 
near  fo  good  as  common  air; 
and  that  by  longer  agitation 
it  extin£uilhed  a  candle. 

lb.  Inflammable  air  from  I  only  faid,  p.  69,  that  I 
oak  has  this  peculiar  quality,  made  a  particular  experiment 
that  water  can  abforb  one  hiilf  with  a  quantity  of  this  air, 
of  it.  after   having   agitated   it   ia 

water  till  it  was  diminiflied 
about  one  half.     How  much 
more  it  might  have  been  di- 
X  z 
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minilhed,  by  longer  agitation, 
I  did  not  fay. 

P.  123.  Inflaminable  air  1  only  faid,  p.  61,  that 
does  not  injure  the  growth  of  plants  grew  pretty  well  in  one 
plants.  quantity  of  inflammable   air 

that  was  made  from  zinc,  and 
in  another  from  oak. 


P.  125,  Air  injured  by  re- 
fpiration  approaches  to  the 
Itate  of  fixed  air,  becaufe  it 
can  combine  with  lirne  ;  but 
it  differs  from  it,  becaufe  when 
mixed  with  common  air  it  di- 
minilhes  the  bulk  of  it : 
whereas  fixed  air  increafes  it. 
It  is  alfo  not  abforbed  by 
water,  like  fixed  air. 


P.  130,  He  has  made  a 
great  number  of  experiments, 
which  Ihew  that  plants  vege- 
tating in  corrupted  air  make 
it  as  proper  for  refpiration  as 
the  air  of  the  atmofphere. 


Air  injured  by  refpiration 
will  not  unite  with  lime  in 
lime  water  ;  though  when  air 
is  thus  injured  fomething  is 
precipitated  from  it,  which  has 
that  efteft.  I  have  no  where 
faid  that  air  injured  by  refpi- 
ration diminiilies  the  quantity 
of  common  air  with  which  it 
is  mixed,  though  that  princi- 
ple which  had  diminilhed  this 
air  will  diminifh  any  other 
wholefome  air.  Mr.  Lavoifier 
himfelf  quotes  me,  p.  129,  as 
faying,  that  when  1  had  mixed 
air  injured  by  putrefaftion 
with  common  air,  the  quan- 
tity was  'not  diminillied.  If 
this  injured  air  is  not  capable 
of  being  abforbed  by  water, 
which  is  the  cafe,  it  muft  differ 
very  elientially  from  fixed  air. 

I  never  pretended  to  have 
reftored  air  that  was  thoroughly 
nox foils  by  any  method,  fo  far 
as  that  a  candle  would  burn 
in  it.  Though  the  growth  of 
plants  in  air  which  had  never 
been  more  injured  than  that 
a  candle  would  go  out  in  it, 
(which  is  a  much  greater  in- 
jury than  the  general  mafs  of 
the  atmofphere   ever  fufiers) 
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P.  1 3 1 ,  Monf,  Prieftley  fays, 
%ha.t  all  kin4s  of  noxious  air 
are  reftored  by  long  agitation 
in  water ;  which  fcems  to  con- 
tradid  what  he  fays  in  another 
place,  that  agitation  in  water 
was  not  fufRcient  to  deprive 
noxioys  air  of  its  deadly  qua- 
lity. 


P.  1 36,  Monf.  Prieftley  fays, 
that  nitrous  air  may  be  ab- 
forbed  by  water ;  but  with  re- 
fpedl  to  the  quantity  of  ab- 
forption,  the  refults  of  his  ex- 
periments do  not  feem  to  agree 
exa6lly» 


P.  137,  A  pafte  of  iron  fi- 
lingsand  brimilone  diminishes 
common  air  one-fourth :  but 
by  means  of  nitrous  air  this 
diminution  may  be  carried 
much  farther.  For  if  a  quan- 
tity of  nitrous  air  be  admitted 
to  this  mixture,  the  common 
fi'n  will  be  reduce4  to  pne- 
fourth  of  its  bulk. 

P.  140,  By  throwing  the 
focus  of  a  burning  mirror  on 
a  piece  of  charcoal  in  com- 


never  failed  to  rcftore  it  fb  far 
as  that  a  candle  would  burn 
in  it,  to  all  appearance,  as 
well  as  ever, 

I  faid,  in  an  account  of  an 
experiment  in  which  J  /re- 
que?itly  transferred  a  quantity 
of  noxious  air  from  one  veifel 
to  another,  that  I  did  not  find 
it  to  be  reftored  by  that  means. 
But  this  is  a  very  difi^erent  ops- 
ration  from  the  agitatioji  of  air 
in  water,  and  efpecially  when 
it  is  continued  a  long  time. 

I  have  no  where  ftated  the 
^Itimum  of  the  abforption  of 
nitrous  air  by  water.  Indeed, 
ftridtly  fpeaking,  water  de- 
prived of  all  air  will  abforb 
the  whole  of  any  kind  of  air. 
I  only  mentioned  difterent  de- 
grees of  abforption,  as  I  ob- 
ferved  them  in  circumftances 
that  were  considerably  difr 
ferent. 

What  I  have  fald  is,  that 
the  nitrous  air  itfelf,  and  not 
common  air^  was  (Jiminilhed  to 
one-fourth  of  its  bulk  by  the 
fermentation  of  that  pafte. 
No  common  air  was  concerned 
in  the  experiment. 


The  fixed  air  in  this  expe- 
riment,   in  which  there  was 
fo  great  a  diminution  of  the 
X  3 
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mon    air,  it   was   diminiflied  common  air,   muft  have  been 

one-fiUh,  and  the  remainder  chieHy,    if  not  wholly,    that 

was  partly  fixed  air,  and  part-  which  was  precipitated  from 

ly  inflammable.  the   common    air.      The   re- 

'  mainder  was  fo  far  from  being 

inflammable,    that  it   extin- 

guiflied  a  candle. 

lb.  If  the  charcoal  be  made  This  was  the  cafe  in  one 
with  a  very  hot  fire,  capable  experiment,  bat  i:  only  proves 
of  melting  the  crucible,  there  that  in  fome  cafes  air  is  not  fo 
will  be  no  fenfiblc  diminution  ealily  expelled  from  charcoal 
of  the  air  in  which  it  is  heated,  as  in  others.  But  I  have  al- 
Charcoai  that  has  been  mode-  ways  reprefeated  the  very  con- 
rately  calcined  gives  no  fign  fary  of  thefe  refults  as  true 
of  inflammable  air,  in  general,  viz.  that  a  longer 

continuance  of  heat,  and  a 
greater  degree  of  it,  expels 
more  air  from  wood,  and  that 
afterwards  the  purer  will  be 
i  ti  the  phlogifton  that  is  expelled 

from  it,  and  confequently  the 
greater  probability  there  is 
that  the  air  in  which  it  is 
heated  will  be  diminiflied, 
3ud  not  increafed, 

lb.  If  the  abovementioned  This  is  only  the  cafe  when 

procefs  be  made  over  quick-  fixed  or  inflamm^'bie  air  has 

filver,    and   not  over  water,  been  fet  loofe  fiom  the  char- 

the  air  will  not  be  diminifhed.  coal  in  the  procefs. 

P.  141,  The  piece  of  char-       Jt    weighed     exaftly     two 
coal  employed  in  this  experi-    grains,  p.  132, 
ment  weighed  exaftly  twenty-r, 
nine  grains. 

Mr.  Lavoifier,  as  an  introdu£lion  to  the  account  of  his 
own  experiments,  in  the  work  abovementioned,  has  under- 
taken to  give  a  pretty  full  account  of  all  that  had  been  done 
before  him  in  the  fame  way.  I  hope  he  has  been  more  exadl 
with  jcfj.eft  to  others,   than  he  has  been  v/ith  refped  to  me. 
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2ig.  Landriani" s  Acccunt  of  my 
hxperunents  and Objer^vaiions. 

This  writer  takes  it  for 
pranted,  through  the  wliole 
of  his  work  (fee  p.  6,  of  the 
Introduftion,  and  p.  3,  of  the 
work  itfeif)  that  I  confider  the 
fixed  air  in  the  acmofphere  as 
7in  eleimnto  di  Jaliibrita,  by 
which  1  fiippofe  he  means  that 
it  is  the  principle  in  which  its 
refpirability  coniills,  or  which 
makes  it  fit  for  refpiration. 


P.  24,  The  diminution  of 
nitrous  air  by  common  air. 
Dr.  Priellley  iuppofes,  comes 
from  the  property  that  phlo- 
gillon  ha.  to  contraft  the  di- 
menfions  of  bodies  :  but  he 
gives  no  fufiicient  proof  of 
that  fuppofiiion  ;  and  though 
he  fufpecls  that  this  contraflion 
is  a  real  levity  communicated 
to  the  air  by  phiogillon,  he 
has  not  ventured  abfolutely 
to  aifcrt  it ;  though  chemillry 


All  that  I  have  faid  that  could 
lead  to  this  ccnilrutt-on  is, 
perhaps  tha  tfixed  air,  though 
it  certainly  kills  when  it  is 
breathed  unmixed,  does  no 
fenfible  injury  to  the  lungs 
when  it  is  mixed  with  com- 
mon air  ;  as  fire  is  not  noxious 
■per  fe,  but  only  in  excefs.  I 
have  alfo  fhewn  that  when 
common  air  is  made  noxious 
by  any  phlogiftic  procefs,  the 
fixed  air  contained  in  it  is 
precipitated.  But  though  this 
is  a  circumrtance  that  always 
attends  the  corruption  of  air, 
I  never  fuppoled  that  tha 
fixed  air  which  it  depolits  was 
the  principle  of  faluhrity.  If 
fo,  I  mull  have  luppofed  that 
fixed  air  mixed  with  air  that 
had  been  injured  by  phlogilHc 
procelles  might  have  reftored 
it,  which  it  does  not  do  in 
the  leafl  degree. 

I  do  not  recollefl:  that  I 
have  any  where  faid  that 
phlogifton  contrafts  the  di- 
menfions  of  bodies.  On  the 
contrary,  I  fay  that  air  in- 
jured bv  phiogillon  is  fpccifi- 
cally  lighter  than  common  air. 
And  what  1  fay  of  tiie  princi- 
ple of  h'vity,  p.  267,  is,  that 
it  is  a  fuppcfitiou  I  am  not 
willing  to  have  recourfe  to, 
though  it  would  aitord  an 
eafy  folution  of  the  uifnculty. 
X  4 
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furninies  many  examples  of  I  might  have  cxpre/Ted  t)ayfel<ft 
this  fingular  pro^xrty  ot  phlo-  more  ftrongly ;  for  I  never hai 
giitx)n.  any  faith  at  all  in  that  doc-' 

trine  of  the  principle  of  le- 
vity. On  the  contraty,  as 
msy  be  feen,  p.  293,  I  c©n- 
fider  the  difference  of  weight 
between  a  metal  and  a  calx, 
which  has  given  occafion  to 
that  dcftrine,  as  wholly  owing 
to  the  fixed  air  and  water  im- 
bibed by  the  latter  in  the  aft 
of  calcinatloa, 

P.  3?,  Sig.  Landjiani  re-  I  have  or.Iy  faid,  p.  iio, 
prcfents  me  as  ftating  the  li-  that  after  many  trials,  I  have 
mitof  the  diminution  of  com-  found  that  the  greateft  dimi- 
mon  air  by  nitrous  air  to  be  nution  is  when  about  one- 
when  prccijtl,'  two  meafures  of  third  of  nitrous  air  is  mixed 
the  former  aremixed  with  one  with  common  air,  which  im- 
of  the  latter ;  but  fays  that  he  plies  that  I  was  aware  of  a 
has  found  that  this  depends  confiderable  variety  in  the 
upon  the  quality  of  the  two  refults  of  fuch  experiments ; 
kinds  of  air,  and  efpecially  and  the  whole  of 'my  narra- 
on  the  quantity  of  phlogifton  tive  Ihews  that  I  have  confi- 
contained  in  the  nitrous  air.     dered  a  lefs    diminution   to 

arife  fometimes  from  the  com- 
mon air  having  already  more 
phlogifton  'than  ufuaL,  and, 
lometimes  from  the  nitrous 
air  communicating  lefs.  I 
frequently  fpeak  of  different 
quantities  of  nitrous  air  as 
pofieffing  very  different  powers 
of  diminifhing  common  air, 
and  fometimes  fpeak  of  ni- 
trous air  as  reduced  to  a  ftate- 
in  which  it  had  no  power  of 
diminifhing  common  air  at 
all.  And  as  I  make  it  a 
maxim  that  common  air  is  di- 
minilhed  and  made   noxious 
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by  phlogifton   only,   I   mufl: 

neceil'arily   have    confidered, 

1  that  nitrous  air  in  this  cafe 

either  as  not  containing  phlo- 
giftpn,  or  as  not  dilpofed  to 
'  part  with  it. 

P.  32,  Dr.  Prleftley  believes  The  former  I  have  fuppofed, 
that  inflaiu  .nable  air  becomes  but  I  do  not  remember  to  have 
^eipirable  by  agitation  in  \va-  faid  any  thing  about  the  lat- 
ter, becau:^  part  of  the  phlo-  ter.  I  had,  indeed,  imagined, 
giilonisdepofitedin  thewater,  that  acid  air  and  phlogifton 
and  another  part  of  it  remains  compofed  inflammable  air; 
to  fweeten  the  acid  air,  and  and  fuppofed  part  of  the 
ina^e  it  relpirablco  phlogilton  to  be  abforbed  by 

water,  when  it  ceafes  to  be 
inflammable,  by  means  of 
agitation  in  water.  But  I 
muft  have  fuppofed,  agree- 
able to  the  maxim  above- 
mentioned,  that  the  phlo- 
gilton  which  remained  muft 
have  contributed  to  keep  the 
air  in  a  worfe  ftate  than  it 
would  be  in,  if  it  could  be 
i.  expelled  by  it,  which  is  the 

very   contrary   of  what   Sig. 
Landriani  has  afcribed  to  me. 

Laftly,  The  moft  unaccountable  miftake  con- 
cerning any  of  my  opinions  relating  to  air,  is 
that  I  fhould  he  fuppofed  to  maintain  that  /.v^i 
air  is  a  combination  of  common  air  and  phlagijlon. 
Mr.  Lavoifier  in  Rofier's  Journal  for  May  1775, 
p.  433,  fays,  "  Since  common  air  is  changed 
"  into  fixed  air  by  a  combination  with  charcoal, 
"  it  may  feem  natuial  to  conclude  that  fixed  air 

«  is 
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"  is  nothing  but  a  combination  of  common 
*'  air  and  phlogifton.  This  opinion  is  that  of 
"  Monf.  Prieftiey." 

This,  indeed,  is  the  opinion  of  Dr.  Ruther- 
ford (Dijfertatio  de  aire  fixo,  p.  2^.)  of  an  Englilli 
Chymift,  who  probably  had  it  from  him,  and 
that  of  other  philofophers  in  this  country, 
who  may  have  adopted  it  from  them  •,  but 
every  thing  that  is  Englifn  is  not  mine.  I  have 
miftakes  enow  of  my  ov/n  to  anfwer  for,  and 
I  cannot  conceive  how  any  thing  that  I  have 
ever  advanced  on  the  fubjed:  fhould  have  been 
conftrued  to  bear  that  meaning. 

The  proportion  which  Mr.  Lavoifler  ad- 
vances in  tlie  preceding  paragraph,  on  which 
he  fappofes  the  hypcthefis  which  he  afcribes 
to  me  to  have  been  founded,  is  not  true.  I 
do  not  know  that  common  air  can,  by  any 
prccefs,  be  changed  into  fixed  air  j  and  fo  far 
am  I  from  fuppofing  that  fixed  air  is  a  com^ 
pound  of  common  air  and  phlogifton,  that, 
on  the  other  hand,  I  have  always  rather  con- 
fidered  fixed  air  as  an  elementary  fubftance, 
and  common  air  as  a  compound.  Moreover, 
having  brought  fixed  air,  by  a  fuppofed  union 
Vvith  phlogifton,  to  be  immifcible  in  water, 
and  to  have  fome  of  the  properties  of  common 
air,  T  was  then  inclined  to  think  that  fixed  air 

and 
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and  phlogifton  might  make  common  air,  which 
is  the  very  reverfe  of  the  opinion  that  Mr.  La- 
voifier  afcribes  to  me.  And  I  do  not  know 
that  I  have  ever  advanced  any  thing  that  comes 
nearer  to  that  opinion,  than  this  which  is  ex- 
prefsly  contrary  to  it. 

In  the  report  made  to  the  Royal  Academy 
of  Sciences  concerning  the  abovementioned 
treatife  of  Mr.  Lavoifier's  by  Mr.  De  Tru- 
daine,  Mr.  Macqiiei",  Mr.  Cadet,  and  the  Se- 
cretary M.  De  Fouchy,  thefc  gentlemen  fay, 
"  Monf  Prieflley  confiders  fixed  air  as  very 
"  nearly  of  the  fame  fpecific  .gravity  with  the 
"  air  of  the  atmofphere.'*  Now  I  have  always 
confidered  fixed  air  as  confidercUy  hea-vier  than 
common  air.  Indeed,  I  never  made  any  ob- 
fen/ation  of  my  own  on  that  fubjeft,  having 
only  adopted  the  conclufion  of  Mr.  Cavendifh, 
whofe  difcovery  it  was. 

I  imagine  thefe  gentlemen  have  miflaken 
what  I  have  faid  concerning  air  injured  air  by 
■phlogifto7i^  which  I  have  faid  was  very  nearly 
of  the  fame  fpecific  gravity  with  common  air, 
though  rather  lighter,  for  what  I  have  faid 
concerning  fixed  air.  And  it  is  poflible  that 
thefe  gentlemen,  like  Mr.  Lavoiiier,  may  have 
taken  it  for  granted  that  thefe  two  kinds  of  air 

are 
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are  the  fame ;  though  I  always  fpeak  of  them 
as  very  different  things. 

As  Dr.  Rutherford,  when  he  publifhed  his 
Pijfertation  on  fixed  air,  had  only  heard  of  my 
experiments,  it  would  not  be  worth  while  to 
take  notice  of  his  miftakes  concerning  them  j 
but  his  treatife  being  tranilated  into  French,  in 
Mr.  Rofier's  Journal,  I  fhall  juft  obferve,  now 
tkat  I  am  upon  the  fubjed,  that  he  alfo  fup- 
pofes,  p.  25,  I  had  i-t{\:orcd  fixed  air  to  a  fit- 
nefs  for  refpiration  by  vegetation,  whereas 
it  was  air  injured  by  refpiration  or  putrefa^ion. 
But  this  author,,  as  well  as  many  others,  makes, 
no  difference  between  thefe  two  very  different 
kinds  of  air. 

No  perfon  can  lay  a  lefs  ftrefs  upon  opinions^ 
and  more  upon  fa^s,  than  I  have  done,  in  aU 
rny  philofophical  writings ;  and  the  opinions  I 
have  advanced  are  very  few  in  proportion  to 
the  new  and  important  fadts  that  I  have  difco- 
vered.  I  therefore  think  it  rather  hard,  that 
thofe  very  few  opinions  fhould  have  been  fa 
grofsly  niifreprefented  as  they  have  been. 

All  the  doubts  that  I  have  ever  entertaine4 
with  refped  to  the  conftitution  of  fixed  air  have 
little  relation  to  the  differences  of  opinion  main- 
tained by  others  concerning  it.     I  was  always; 

inclined 
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inclined  to  think  fixed  air  to  be  an  acid  fui 
generis^  as  much  as  any  of  the  three  mineral 
acids.  But  as  it  is  the  opinion  of  feveral  of 
the  moll  eminent  chymifts,  that  even  theie 
three  acids,  as  well  as  all  other  acids,  are  only 
one  and  the  fame  acid,  differently  modified 
and  combined,  and  that  they  are  therefore 
tranfmutable  into  one  another,  I  have  of  late 
conjeflured  that  the  fixed  air  which  I  have 
fometimes  produced  muft  have  been  a  tranf- 
mutation  of  the  nitrous  acid  into  it,  becaufe 
no  fubilance  employed  in  tlie  experiments  can 
well  be  thought  to  have  contained  the  fixed 
air,'  notwithftanding  the  air  that  was  produced 
difcovered  the  moft  undeniable  ligns  of  it,  as 
will  have  been  feen  in  the  preceding  narrative- 
Still,  however,  I  do  not  pretend  to  have  formicd 
any  decifive  opinion  upon  the  fubjedl.  Let 
the  fads  be  confidered,  and  fpeak  for  them- 
felves. 

It  is  maintained  by  Sig,  I.andriani,  whofe 
treatife  I  did  not  receive  till  a  confiderable 
part  of  this  volume  was  printed  off,  that  fixed 
air  is  of  a  different  conllitution  according  to 
the  acid  by  v/hich  it  is  procured  from  calca- 
reous fubftances.  He  fays,  among  other  things, 
p.  48,  that  the  fait  which  is  formed  by  the 
union  of  alkaline  air  with  fixed  air  by  oil  of 

vitriol 
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vitriol  is  a  true  vitriolic  ammoniac,  and  that 
the  ialt  which  is  formed  by  alkaline  air  and 
the  air  which  is  procured  by  means  of  fpirit 
of  nitre  has  the  property  of  detonating  by  it- 
felf,  which  is  known  to  be  peculiar  to  the 
nitrous  ammoniac.  He  alfo  fays  that  fixed 
air  procured  by  the  vegetable  acids  has  not 
the  fame  pov/er  of  reddening  the  juice  of  turn* 
foie  with  that  which  is  procured  by  the  mineral 
acids.  Thefe  are  very  remarkable  experiments, 
and  deferve  to  be  repeated,  and  confidered 
witli  attention.  They  have  led  our  author  to 
conclude,  that  all  the  different  kinds  of  air 
are,  in  fad,  one  and  the  fame  thing,  which 
has  the  property  of  holding  in  folution  various 
bodies,  and  particularly  the  acids,  fee  p.  33. 
Accordingly  nitrous  air,  in  his  opinion,  is 
common  air  holding  in  folulution  a  quantity 
of  the  nitrous  acid  overcharged  with  phlo- 
gifton. 

That  excellent  pliilofopher  Felice  Fontana, 
in  his  Riccrche  Fifiche  fopra  i^aria  fijfa^  main- 
tains, that  all  the  acidity  of  fixed  air  comes 
from  the  oil  of  vitriol  dilTolved  in  it,  and 
which  is  fo  intimately  united  to  it,  as  to  be 
afterwards  infeparable  from  it ;  infomuch  that 
when  it  has  been  incorporated  with  water,  and 
expelled  from  it  again,    it  carries   away  all 

the 
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the  acid  vapour  along  with  it ;  having  all  the 
fame  properties  that  it  liad  before  it  was  com- 
bined with  the  water.  The  acid  of  vitriol, 
thus  attenuated  and  exalted,  by  its  Iblution  in 
fixed  air,  is  more  penetrating,  he  fays,  and  has 
more  medicinal  virtues,  than  the  fam.e  acid  dif- 
folved  in  v/ater,  or  adminiilered  in  any  other 
form. 

Fixed  air  deprived  of  this  acidity,  v/hich  is 
foreign  to  its  nature,  he  fuppcfes  to  be  tlie 
fame  thing  with  atmofpherical  air  deprived  of 
its  peculiar  acid  by  phlogiftic  procelTes,  an 
acid  which  he  maintains  to  be  altogether  dif- 
ferent from  any  acid  v/ith  which  we  are  ac- 
quainted, and  which  lie  propofes  to  invefti- 
gatei  conceiving  this  acid  to  be  the  great 
principle  of  falubrity  in  the  atmofphere.  This 
writer  fays,  that  he  has  attempted  in  vain  to 
make  water  acidulous  by  means  of  i:xed  air 
expelled  from  fubftances  without  the  help  of 
other  acids,  as  in  putrrfadlion.  Eut  he  does 
not  appear  to  have  tried  what  he  could  have 
done  with  calcareous  fubftances  by  heat  only. 

I  take  this  early  opportunity  of  publifhing 
the  fentiments  of  fo  confiderable  a  perlon, 
though  it  will  appear  that  they  are  very  diaerenc 
from  my  ov/n,  in  order  to  promote  a  rarther  in- 
veuigai;ion  of  the  fubjecl. 

2  Having 
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Having  mentioned  the  paper  of  Mr.  La- 
Voifier's,  publifhed  in  Mr.  Rofier's  Journal,  I 
would  obferve,  that  it  appears  by  it,  that,  after  I 
left  Paris,  where  I  procured  the  mercurius  cat- 
cinatus  abovementioned,  and  had  fpoken  of 
the  experiments  that  I  had  made,  and  that  I 
intended  to  make  with  it,  he  began  his  expe- 
riments upon  the  fame  fubftance,  and  pre- 
fently  found  what  I  hare  called  dephlogijiicated 
mr,  but  without  inveftigating  the  natilre  of  it; 
and  indeed,  without  being  fully  apprifed  of 
the  degree  of  its  purity.  For  he  had  only 
tried  it  with  one-third  of  nitrous  air,  and  ob- 
ferved  that  a  candle  burned  in  it  with  more 
Vigour  than  in  common  air;  and  though  he 
fays  it  feems  to  he  more  fit  fOr  refpiration  than 
common  air,  he  does  not  fay  that  he  had 
made  any  trial  how  long  an  animal  could  live 
in  it. 

He  therefore  inferred,  as  I  have  faid  that  I 
m.yfelf  had  once  done,  that  this  fubftance  had^ 
during  the  procefs  of  calcination,  imbibed  at- 
mofpherical  air,  not  in  part,  but  in  whole. 
But  then  he  extends  his  conclufion,  and,  as  it 
appears  to  me,  without  any  evidence,  to  all 
the  metallic  calces  •,  faying  that,  very  proba- 
bly, they  would  all  of  them  yield  only  com- 
mon air,  if,  like  mercurius  calcinatasy  they 
could  be  reduced  without  addition.     For  he 

con- 
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confiders  the  fixed  air,  which  is  yielded  by 
moft  of  them,  to  come  from  the  charcoal, 
made  ufe  of  to  revivify  the  calx.  Whereas  it 
will  be  feen,  in  the  courfe  of  my  experiments, 
that  feveral  of  thofe  calces  yield  fixed  air  by 
heat  only,  without  any  addition  of  charcoal. 

He  adds,  that  fince  common  air  is  changed 
into  fixed  air  when  it  is"  combined  with  char- 
coal, it  would  feem  natural  to  conclude,  that 
fixed  air  is  only  a  combination  of  common  air 
and  phlogifton  (an  opinion  which,  as  has  been 
feen  before,  he  afcribcs  to  me)  and  it  is  not, 
he  fays,  without  probability  •,  but  adds,  that 
it  is  fo  often  contradicted  by  fads,  that  he  de- 
fires  philofophers  and  chymifls  to  fufpend  their 
judgments*,  hoping  that  it  will  foon  be  in  his 
power  to  explain  the  motives  of  his  doubts,  I, 
for  one,  am  waiting  with  fome  impatience  for 
this  explanation. 

Mr.  Lavoifier  alfo  concludes,  from  his  ob- 
fervations,  that  the  air  produced  by  the  deto- 
nation of  nitre  and  the  firing  of  gunpowder  is 
common  air.  When  ,he  fees  this  volume  of 
mine,  he  will,  I  doubt  not,  be  convinced  of 
the  imperfedlion  of  his  theory,  and  of  this 
miftake,  which  he  has  been  led  into  by  means 
of  it. 

Y  Mr. 
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Mr.  Lavoifier,  as  well  as  Sig.  Lan4ri&ni| 
Sig.  F.  Fontana,  and  indeed  all  other  writer^ 
except  myfeif,  feenns  to  confider  common  air 
(diyeiled  of  the  effluvia  that  fiosit  in  it,  and 
various  fubftances  that  are  dilTolved  in  it,  but 
which  are  in  reality  foreign  to  it)  as  a  fimple 
ekmmtary  body  •,  whereas  I  have,  for  a  long 
time,  confidered  it  as  a  compound-^  and  this 
notion  has  been  of  grfat  fervice  to  me  in  my 
;nqumes. 

As  a  concurrence  of  unforefeen  and  unde- 
figned  circumftances  has  favoured  me  in  this 
inquiry,  a  like  happy  concurrence  may  favour 
Mr.  Lavoifier  in  another ;  and  as,  in  this  cafe, 
truth  has  been  the  means  of  leading  him  into 
error,  error  may,  in  its  turn,  lead  him  intq 
truth.  It  will  have  been  feen,  in  the'  courfe  of 
my  wriiings,  that  both  thefe  circumftances  have 
frequently  happened  to  myfelf-,  and  indeed 
examples  of  both  of  them  will  be  found  in 
my  firil  fefticn  concerning  this  very  fubjed:  of 
dephiogifticated  air. 

It  is  pleafant  when  we  can  be  equally  amufed 
with  our  own  miftakes,  and  thofe  of  others. 
I  have  voluntarily  given  others  many  oppor- 
tunities cf  amufmg  themfelves  with  mine, 
when  it  was  entirely  in  my  power  to  havecon- 
1  cealed 
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cealed  them.  But  I  was  determined  to  fhew 
how  little  myflery  there  really  is  in  the  bufinefs 
of  experimental  philofophy,  and  with  how 
\\tx\.^  fagactty^  or  even  defign^  difcoveries  (which 
fome  perfons  are  pleafed  to  confider  as  great 
and  wonderful  things)  have  been  made. 


Y  2  SEC- 
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SECTION     XVII. 

Experiments  relating  to  fome  of  the  preceding 
Sections  madefince  they  were  printed  off. 

Having  had  an  opportunity  of  making  a 
few  farther  experiments  relating  to  fome  kinds 
of  air  mentioned  in  this  treatife,  after  the  fec- 
tions  relating  to  them  were  printed  off,  I  have 
thought  it  would  be  better  to  fubjoin  an  ac- 
count of  them  in  this  place,  rather  than  defer 
it  to  another  publication. 

I .  Of  the  'vitriolic  and  vegetable  acid  airs. 

It  will  be  feen,  by  comparing  the  firfl  and 
fecond  feftions  of  this  volume,  that  there  is  a 
remarkable  refemblance  between  the  vitriolic 
and  vegetable  acid  airs,  and  I  have  fince  ob- 
ferved  other  circumftances  of  refemblance. 

The  electric  fpark  takeii  in  vegetable  acid 
air  produces  the  very  fame  effeft  as  in  the 
vitriolic  acid  air,  tinging  the  glafs  tube  in 
which  it  is  contained  with  a  deep  brown,  or 
black  colour.  I  took  about  fifty  explofions 
of  a  comimon  jar  in  a  fmall  quantity  of  it, 
after  wliich  water  imbibed  almoft  the  whole  of  it. 

It 
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It  is  remarkable  that  the  glafs  becomes  almoft 
as  deeply  tinged  as  it  can  be  made  by  the  ex- 
periment, after  a  very  few  of  the  explofions. 

I  alfo  obferved  the  fame  remarkable  effe6t 
of  putting  fmall  glafs  tubes  half  filled  with 
water  into  vitriolic  acid  air,  that  I  have  de- 
fcribed  p.  26,  as  obferved  in  the  vegetable 
acid  air,  viz.  that  if  a  little  air  be  left  at  the 
bottom  of  the  tube,  it  will  fwell,  and  drive 
out  all  the  water.  The  reafon  of  this  appear- 
ance I  believe  to  be,  that  the  water,  being 
prefently  faturated  with  this  acid  air,  tranf- 
mits  it  to  the  common  air  in  the  tube  -,  which, 
receiving  a  continual  increafe  of  bulk  from 
this  fource,  at  length  expels  all  the  water. 

I  obferved  this  appearance  when  I  put  the 
tubes,  thus  partially  filled  with  water,  into 
that  air  which  I  had  expelled  from  the  water 
that  had  been  faturated  with  the  fiuor  acid 
air ;  which  is  another  argument  of  the  iden- 
tity of  this  acid  with  the  vitriolic. 


Water  is  foon  impregnated  with  vitriolic 
acid  air,  but  has  little  power  of  retaining  it  •, 
fo  that  the  fmell  of  the  water  fo  impregnated 
is  the  moft  pungent  that  can  be  conceived, 
and  if  it  ftands  expofed  to  the  common  air, 
the  acid  air,  in  a  great  meafure,  prefently 
Y  3  quits 
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quits  it.     Alfa  the  leaft  agitation  af  the  water 
promotes  the  reparation  of  the  air  from  it. 

I  have  obferved,  p,  lo,  that  a  mixture  of 
vitriolic  acid  air  injures  common  air,  and  that 
the  effluvium  of  the  concentrated  vegetable 
acid  has  the  fame  efFe6t.  I  have  fince  found 
that  a  mixture  of  the  vegetable  acid  air  itfelf 
does  fo  to.  Two  meafures  of  this  mixture, 
and  one  of  nitrous  air  occupied  the  fpace  oi 
two  meafures. 

The  only  real  difference  between  the  vege- 
table and  the  vitriolic  acid  air  (befides  the 
fmell  of  them,  in  which  refpe6t  the  difference 
is  remarkable  enough)  that  I  have  obferved, 
is,  that,  whereas  the  vitriolic  acid  air,  as  well 
as  all  the  other  acid  airs  with  which  I  am  ac- 
quainted, deepens  the  colour  of  olive  oil,  an 
impregnation  with  vegetable  acid  air  makes  it 
more  colourlefs.  In  one  experiment,  how- 
ever, vegetable  acid  air  gave  a  yellowilh  tinge 
to  oil  of  turpentine,  which  is  an  effe6t  that 
vitriolic  acid  air  has  upon  it;  though,  upon 
another  occafion,  the  refult  of  this  experiment 
was  different,  and  I  have  not  leifure  at  prefent 
to  examine  whence  this  difference  arofe. 

As  Dr.  Higgins  has  informed  me,   that  oil 
of  vitriol  was  employed  in  preparing  the  con- 
centrated 
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centrated  vinegar  that  I  made  ufe  of  for  the 
produdion  of  vegetable  acid  air,  I  think  it 
pofTible  that  the  air  which  I  expelled  from  it 
may  have  been,  in  part,  of  the  vitriolic  kind  •, 
but  I  do  not  know  of  any  other  vcget:\ble 
acid  liquor  that  will  yield  air;  at  leail  in  a 
quantity  fufficient  for  any  experiments*  I  tried 
radical  ^vinegar  of  the  cryflo.ls  of  verdigris  re^i- 
fed^  which  was  recommended  to  me,  and  made 
for  me,  by  Mr.  Woulfe,  and  alfo  concentrated 
acid  made  from  fal  diureticus,  by  Mr.  God- 
frey; but  neither  of  thefe  acid  liquors^  though 
the  fmeil  of  them  was  extremely  pungent, 
yielded  any  air  by  heat. 

The  common  air  expelled  from  the  phial 
by  the  fteam  of  this  vinegar,  mixed  with 
whatever  acid  vapour  might  come  over  along 
with  itj  I  examined,  after  letting  it  reft  upon 
quickfilver  a  whole  night,  and  I  found  it  not 
to  differ  from  common  air. 

AVhenj  however,  I  tried  this  experiment 
with  air  that  had  lodged  on  the  furface  of 
oil  of  vitriol,  into  vrhich  I  had  put  fome 
fal  diureticus^  and  which  did  yield  a  little 
air,  the  common  air  did  appear  to  be  injured 
by  the  mixture,  as  in  tine  preceding  experi- 
ment of  the  mixture  of  common  and  vege- 
table acid  air.  But  then  oil  of  vitriol  being 
y  4  employed 
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employed  in  this  experiment,  as  well  as  in  the 
preparation  of  the  concentrated  vinegar  above- 
mentioned,  it  is  liable  to  the  fame  objedion ; 
the  acid  of  vitriol  being,  perhaps,  volatilized 
by  fome  fmall  portion  ot  phlogifton. 

2*  Of  dephlogijiicated  air. 

I  have  obferved  a  great  variety  in  the  refults  / 
of  the  experiments  for  the  production  of  de- 
phlogifticated  air,  both  with  refpedt  to  the 
quantity,  and  the  quality  of  it,  efpecially  as 
mixed  with  a  greater  or  lefs  proportion  of 
fixed  air.  From  the  following  experiments  it 
will  appear  that  the  quantity  of  dephlogifti- 
cated  air  depends  upon  the  quantity  of  the 
fpirit  of  nitre  made  ufe  of  in  the  procefs,  the 
quantity  of  fixed  air  being  nearly  the  fame  in 
all  the  cafes. 

From  an  ounce  of  red  lead,  heated  in  a 
gun-barrel,  I  got  about  an  ounce  meafure  of 
air,  which  all  together  was  worfe  than  common 
air;  an  effedb  which  I  attribute,  in  a  great 
meafure,  to  phlogifton  difcharged  from  the 
iron.  I'he  production  of  air  in  this  cafe  was 
very  flow. 

From  an  ounce  meafure  of  the  fame  red 
lead,  diluted  with  half  fpirit  of  nitre  and  half 

water. 
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water,  I  got  twelve  ounce  meafures  of  air,  the 
laft  produce  of  which  was  highly  nitrous. 
Half  of  this  quantity  was  abforbed  by  water, 
and  the  remainder  was  twice  as  good  as  com- 
mon air. 

From  an  ounce  of  the  fame  red  lead,  diluted 
with  the  fame  fpirit  of  nitre,  without  water, 
I  got,  by  the  fame  treatment,  about  thirty 
ounce  meafures  of  air,  about  one-eighth  of 
which  was  abforbed  by  water,  while  the  reft 
was  highly  dephlogiflicated. 

-  From  the  fame  quantity  of  red  lead,  moifl- 
cned  with  twice  the  quantity  of  the  fame  fpirit 
of  nitre,  I  got  about  fixty  ounce  meafures  of 
air,  a  very  fmall  part  of  which  was  abforbed 
by  water,  and  the  reft  was  as  highly  dephlo- 
gifticated  as  that  in  the  laft  experiment. 

The  produce  of  air  was  quicker,  with  the 
fame  degree  of  heat,  in  proportion  as  the 
quantity  produced  was  greater;  and  in  the 
laft  procefs  the  air  was  very  red  in  the  infide 
of  the  veffel  that  received  it,  for  a  confider- 
able  time. 


2-  Of 
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3.  Of  the  effeSi  of  the  nitrnus  add  on  com^ 
mon  air, 

I  have  fhewiij  in  a  variety  of  experiments^ 
that  the  fumes  of  fpirit  of  nitre  injure  com- 
mon air.  I  have  found  the  fame  to  be  the 
effed:  of  the  effluvia  of  nitrous  ether.  For  the 
air  which  had  been  confined  about  a  week,  in 
a  bottle  in  which  a  quantity  of  nitrous  ether 
had  been  kept,  was  fo  much  injured^  that  twd 
meafures  of  it,  and  one  of  nitrous  air,  occu- 
pied the  fpace  of  2  ^  meafures.  As  I  let  a 
good  deal  of  common  air  into  the  phial,  at 
the  fame  time  that  (not  chufing  to  lofe  it)  I 
poured  the  ether  out  of  it  into  another  phial,  1 , 
conclude  that  the  air  in  the  phial  was  almoft 
perfectly  noxious. 

I  have  more  than  once  exprefled  an  earned 
wilh  that  I  could  meet  with  any  fluid  fubftance 
that  was  not  affeded  with  the  nitrous  acid,  as 
this  would  give  me  an  opportunity  of  confin- 
ing the  nitrous  acid  air,  in  order  to  make  ex- 
periments upon  it,  as  I  have  done  upon  other 
acid  airs  •,  and  I  almoft  flatter  myfelf  that  1 
have  accidentally  met  with  one  that  will  an- 
fwer  my  purpofe.  It  will  be  feen,  p.  156^ 
that  hog's  lard  is  very  little  afFeded  with  boil- 
ing fpirit  of  nitre.  Upon  finding  thisj  I  im- 
mediately endeavoured,  by  means  of  heat,  to 

expel 
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expel  nitrous  acid  air  from  a  quantity  of  flrong 
fpjrit  of  nitre;  thinking  that  it  might  be  con- 
fined in  a  veffel  filled  with  melted  hog's  lard, 
as  the  other  acid  airs  had  been  confined  by 
quickfilver.  But  though  I  made  the  fpirit  of 
nitre  boil  a  long  tim.e,  I  got  nothing  from  it 
but  the  common  air  v/hich  had  lodged  on  the 
furface  of  the  acid,  and  which  I  found  to  be 
fo  far  injured  by  thcprocefs,  that  two  meafures 
of  it,  and  one  of  nitrous  air,  occupied  the 
fpace  of  2  4-  meafures.  I  fhall  try  whetlier  I 
cannot  have  better  fuccefs  with  fome  other 
animal  oil^  as  the  fpermaceti  cil^  Sec.  making 
ibme  other  varieties  in  the  proccfs. 

4.  Of  fixed  air. 

I  have  made  an  obfervation,  p.  220,  of  the 
degree  of  the  purity  of  the  refiduum  of  fixed 
air  which  had  been  wholly  contained  in  water, 
at  a  time  when  it  hardly  made  lime  v/ater  tur- 
bid. I  afterwards  kept  the  fame  refiduum, 
wafhing  it  feveral  times  in  lim.e  water,  till  it 
had  no  effect  upon  it  whatever.  At  i\vs.  time 
two  meafures  of  it,  and  one  of  nitrous  air, 
occupied  the  fpace  of  2  -^  meafures.  In  fa<"i:, 
therefore,  the  refiduum  of  fixed  air  is,  in  the 
main,  the  fame  thing  with  phlogifticared  com- 
mon air;  though  in  this  cafe  it  was  melio- 
rated by  fo  much  v/afhing  in  water.     To  VaQ 

feline 
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fame  flate  alfo  are  all  kinds  of  air  whatever, 
and  even  nitrous  air  itfelf,  reduced,  by  much 
agitation  in  water.  This  is  a  remarkable  fa6t,. 
and  may  furnifh  matter  for  fpeculation. 

To  my  fliort  account  of  my  obfervations  on 
the  Seltzer  fpring,  and  the  other  mineral  water 
near  Mentz,  p.  226,  I  would  add,  that  the 
bottom  of  both  of  them,  and  alfo  of  the  cur- 
rent of  water  that  ran  from  them,  was  tinged 
red  with  ochre,  fo  that  it  is  evident  they  both 
contain  iron. 

5.  Of  the  impregnation  of  water  with  fined  air. 

I  find  I  liave  exprefled  myfelf  too  ftrongly 
with  refpefb  to  the  evidence  of  other  perfons 
having  had  in  view  any  fcheme  of  the  im- 
pregnation of  water  with  fixed  air,  before  the 
publication  of  my  pamphlet  on  that  fubjeft ; 
on  the  fuppofition  that,  if  fuch  evidence  had 
exifted,  it  would  have  found  its  way  to  the 
public  by  this  time. 

My  ingenious  correfpondent  Mr.  Bewly,  on 
feeing  that  part  of  the  work,  informs  me,  that 
he  had  not  read  Dr.  Brownrigg's  paper  half 
through,  before  he  expe<51:ed  that  the  fynthefis 
would  follow  the  analyfis^  and  that  finding  his 
author  intircly  filent  on  the  fubjedt,  he  imme- 
4  diately 
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diateiy  went  to  work  himfelf,  and  in  a  com- 
mon phial  efFeded  the  impregnation,  by  fixed 
air  let  loofe  from  fait  of  tartar  •,  and  though 
he  had  but  an  imperfect  kind  of  an  apparatus, 
he  fays  he  has  occafionally  regaled  himfelf  and 
his  friends  with  fmall  potations  of  artificial 
Pyrmont  water,  ever  fince  the  publication  of 
Dr.  Brownfigg's  paper. 

I  cannot  help  obferving  on  this  occafion,  as 
on  many  others,  that  it  is  much  to  be  regret- 
ted, that  perfons  of  a  philofophical  turn 
fliould  not  be  more  difpofed  to  communicate 
their  difcoveries  to  the  public.  In  this  cafe, 
however,  it  will  be  feen  that  I  am  not  myfelf 
without  blame,  as  I  made  no  publication  oa 
the  fubjedl  till  fome  years  after  I  had  effected 
this  impregnation,  though  Mr.  Bewly,  I  find, 
had  done  the  fame  thing  a  confiderable  time 
before  pie. 

6.  Of  the  ufe  of  terms. 

I  am  forry  to  find,  that  notwithltanding  what 
I  faid,  in  the  preface  to  my  former  volume,  on 
my  choice  of  the  term  air^  as  applied  to  the 
nitrous  J  acid,  and  alkaline  principles  exhibited 
in  that  form,  fome  perfons  are  either  fo  weak, 
or  fo  captious,  as  not  to  be  fatisfied. 

No 
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No  perfon  'Vvas  ever  more  temperate,  or 
more  cautious,  than  I  have  been  in  the  intro- 
duction of  new  termsy  confidering  the  number 
of  new  fa5fs  that  I  have  difcovered.  It  was 
with  great  hefitation,  though  compelled  by 
necelTity,  that  I  did  it  at  all,  generally  with 
the  advice  of  my  moft  judicious  friends,  and 
always  adopting  fuch  as  were  analogous  to 
others  in  eftablimed  ufe.  Thus  when  I  found 
the  terms  common  or  atmojpherical  air^  fixed,  air^ 
and  ififlammahle  air,  ufed  by  all  philofophers, 
and  no  perfon  whatever  had  objeded  to  them, 
it  was  certainly  natural  for  me  to  continue  to 
apply  the  term  air  to  other  elafiic  transparent 
fiuids,  not  condenfable  by  cold,  and  to  diftin- 
guiih  them  by  other  appellations,  drawn  from 
the  peculiar  circumftances  of  their  produ6lion, 
as  nitrous  air,  acid  air,  alkaline  air,  phlogijii- 
cated  and  dephlogifticated  air-,  ufing  the  term 
air  as  exprefTive  of  the  mere  for^  m  which  a 
fubftance  is  exhibited,  without  any  confider- 
ation  of  its  being  fimple  or  compound. 

They  who  chufe  to  apply  the  term  air  to  a 
fiihfiance,  and  not  to  a  form,  are  certainly  at 
full  liberty  fo  to  do,  if  they  pieafe;  and  pro- 
vided we  underftand  one  another,  no  inconve- 
nience will  refult  from  our  ufe  of  a  different 
language.  But  then  the  fame  perfons  fhould 
be  uniform  in  their  objedlions  and  pradtice, 

and 
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and  call  nothing  by  the  name  of  air  that  they 
do  not  believe  to  confift  of  that  one  elementary 
Jiibjiance  to  which  they  profefs  to  appropriate 
the  term.  I  will  add  alfo,  that  fuch  perfons 
will  do  well  to  prove  that  there  is  fuch  an  ele- 
mentary fubllance,  and  to  reconcile  the  fa6ts 
that  I  have  difcovered  with  that  hypothefis.  The 
language  that  I  adopt  implies  no  attachment  to 
any  hypothefis  whatever,  and  may  ftill  be  ufed 
though  I  fliould  change  my  opinion  on  that 
fubje6t;  which  is  certainly  a  very  great  advan- 
tage in  philofophical  language. 
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NUMBER    I. 

Experiments  and  Observations  relating  to 
fame  of  the  Che/nical  Properties  of  the  Fluids 
commonly  called  Fixed  Air  ;  and  tending  to 
prove  that  it  is  merely  the  Vapour  of  a  par- 
ticular Acid.  In  two  Letters  to  the  Reverend 
Br.  Prieftley  :  By  William  Bewly. 

N  Y  fuccefsful  inveftigation  of  tliat  part  of  philo- 
fophy,  in  which  you  have  lately  made  fo  exten- 
fi\  e  and  rapid  a  progrefs,  cannot  be  communicated 
to  the  publick  any  where  with  fo  much  propriety, 
and  advantage,  as  in  the  company  of  thofe  fmgular 
and  important  difcoveries  which  will  be  given  in 
the  new  Volume  of  your  OhfervaUons^  now  in  the 
prefs.  With  great  pleafure,  therefore,  I  comply  with 
your  late  requeft,  to  tranfmit  to  you  the  particulars  of 
my  Obfervations  on  Mepihtic  or  Fixed  Air  \  the  gene- 
ral refults  of  which  I  formerly  communicated  to  you. 
They  tend,  if  I  do  not  deceive  myfelf,  to  throw  a 
new  and  juft  light  on  the  real  nature  and  chemical 
properties  of  that  fluid ;  the  extenfive  diffufion  of 
which  throughout  the  univerfe,  where  it  forms  a  con- 
ftituent  principle  of  almoft  all  known  bodies,  renders 
it  a  fubjeiSf  deferring  of  an  accurate  and  mimite  in- 
veftigation. 

In  the  prefent  letter  I  fliall  principally  confine  my- 
felf to  thofe  Obfej-vaiions  only   which  firft  convinced 

me  of  the  exiftence  of  an  acid  in  fixed  air  : a  point 

which  has  been  contefled,  or,  at  leaft,  left  dubious, 
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by  other  inquirers.  I'he  experiments  which  I  (hall 
relate  in  a  fubfequent  letter  will,  I  expe<5l,  fatisfadlorily 
evince,  that  this  acid  is  not  a  fubftancc  extrinfecal  to 
fixed  air,  or  cafually  floating  in  it,  and  feparable  from 
it ;  but,  on  the  contrary,  that  it  is  a  neceffarily  con- 
ftituent  principle  of  this  fluid ;  and  even  that  fixed  air 
itfelf  is  no  other  than  this  very  acid ;  or,  in  other 
words,  that  it  is  a  peculiar  and  diftin6t  acid  fpirit,  fui 
generis,  which,  on  its  being  expelled,  by  the  power 
of  a  fuperior  acid,  or  the  force  of  fire,  from  the  va- 
rious earths,  falts,  kc.  with  which  it  is  combined, 
inftantly  aiTumes  the  form  of  an  elaftic  vapour,  greatly 
Tdfembling  common  air ;  which  form  it  permanently 
retains,  till  it  meets- with  any  of  thofe  numerous  bo- 
dies which  have  an  affinity  to  it,  and  which  have 
been  deprived  of,  or  are  not  already  faturated  with  it. 
By  thefe  bodies  this  acid  vapour  is  condenfed,  or  re- 
duced into  a  liquid  or  fixed  ftate  ;  in  which  flate  it 
combines  with  them,  in  a  manner  in  no  refpe6l  differ- 
ent from  that  in  which  the  vitriohc  or  any  other  acid 
is  united  with  the  various  falts,  earths,  or  other  fub- 
flances,  with  which  they  form  neutra'l  compounds — 
Such,  at  leaft,  is  the  fyftem  which  I  have  been  natu- 
rally led  to  deduce  from  the  following  experiments. 

Even  the  bare  prcfence  of  an  acid,  /'«  fixed  air,  has, 
as  I  have  already  obferved,  been  doubted  of.  So  lately 
even  as  the  lafi  year  Dr.  Brownrigg  *,  to  whom  this 
new  branch  of  Chemical  philofophy  is  fo  highly  in- 
debted, obferved,  that  though  Mephitic  air,  imparts 
to  the  waters  impregnated  with  it  a  brifk  and  pungent 
tafte,  which  has  ufually  been  fl:iled  fuhacid ;  yet  it 
differs  from  all  acid  fpirits  in  not  flriking  a  red  colour 

*  Phil.Tranf.  vol.  64.  pari  2.  for  the  year  1774.  p.  369; 
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with  the  blue  tindtures  of  vegetables  ;  adding,  that 
not  only  no  change  of  this  kind  could  be  obferved  to 
have  been  effeded  by  it,  in  the  numerous  experiments 
made  by  himfelf  and  fevcral  other  gentlemen  ;  but 
likewife  that  he  had  "  for  feveral  days  fufpended 
pieces  of  linen,  that  had  been  dyed  blue  with  fre(h 
juice  of  violets,  in  the  mephitic  air  of  Spa  water, 
and  alfo  in  that  of  chalk  ;  and  when  the  linen  was 
taken  out '  of  the  faid  air,  did  not  perceive  its  blue 
colour  in  any  wife  changed,  although  the  fame 
pieces  of  dyed  linen  were  inftantly  turned  of  a  green 
colour,  when  expofed  to  the  fumes  of  the  fpirit  ot 

hartfhorn." "  Whether  therefore,"  he  adds, 

and  under  what  relations,  this  aerio-faline  fpirit 
may  merit  the  title  of  an  acid^  I  leave  to  the  de- 
termination of  others." 
In  the  Appendix  to  your  former  Volume,  your  in- 
genious correfpondent,  Mr.  Hey  f,  has  likewife  fliewn 
that  water  impregnated  with  fixed  air,  produced  no 
change  of  colour  in  the  fyrup  of  violets  ;  and  that  it 
did  not  efFervefce  with  either  the  fixed  or  the  volatile 

alcali. The  fa£t  is,  that  fixed  air  is  fo  rare  a  va- 

poury  and  the  Mephitic  Acid^  as  I  (hall  already  ven- 
ture to  call  it,  is  fo  greatly  diluted  in  water,  which  is 
even  faturatcd  with  it,  that  many  of  the  blue  juices 
refift  its  adlion  upon  them  ;  while  others,  more  fen- 
fible  tefts  of  acidity  (fuchas  infufions  of  Litmus,  Cy- 
anusy    or  Corn-flower,    and   a  few   others)    readily 

anounce  its  acid  quality. As  to  its  not  producing 

an  effervefcence  with  alcalis,  it  will  appear  from  the 
following  experiments,  that  fuch  effervefcence  is,  from 
the  very  nature  of  the  thing,  impoJIible  in  the  prelent 

f  Experiments  ?nd  Obfervations,  &c.  p.  288,  lit  edit. 
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cafe,  in  which  the  very  contrary  of  an  effervefcencc 
muft  take  place.  In  all  other  cafes,  when  an  acid 
IS  added  to  a  mild  alkali,  the  mephitic  ac'td^  as.  being  the 
Jeaft  powerful  of  all  the  acids,  is  expellsd,  in  its  ftate 
of  vapour^  or  in  elaftic  bubbles,  which  conftitute  the 
appearance  called  an  effer\Tfcence  ;  whereas  when  the 
mephitic  acid  itfelf  is  added  to  an  alcali,  it  is  coyiden- 
Jed^  and  filently  abforbed  in  it. 

It  may  be  neceffary  to  premife  that,  in  feveral  of 
the  following  experiments,  I  found  it  moft  conve- 
nient, as  well  as  productive  of  greater  accuracy  and 
expedition,  to  take  the  inverted  phial  out  of  the  bafon, 
after  every  frefh  introdu6iion  of  fixed  air,  for  th^ 
purpofe  of  agitating  more  freely  the  liquor  contained 
in  it ;  and  that  I  took  care  to  ufe  a  bafon  or  cup  of  a 
very  fmall  diameter,  and  which  contained  a  very 
fmall  quantity  of  fiuid ;  in  order  to  guard,  as  much 
as  poffible,  againft  difTipation  of  the  fixed  air,  during 
the  procefs.  It  may  be  proper  likev/ife  to  obferve, 
that  I  may  not  incur  a  fufpicion  of  plagiarifm,  that 
fome  fcattered  hints,  relative  to  a  few  of  the  follov/- 
ing  Obfervations,  have  been  formerly  inferted  by  me 
m  a  certain  anonymous  publication. 

The  experiment,  by  which  I  firft  dete£ted  the 
prefence  of  an  acid  in  fixed  air,  fome  years  ago,,  is  as 
follows.  I  have  repeated  and  diverfified  it  on  the 
prefent  occafion,  and  with  the  fame  event. 

Experiment  I. 

Having  accurately  adapted,  to  the  mouth  of  a  phial 
containing  fpirit  of  vitriol,  a  cork,  in  which  a  glafs 
tube  was  inferted,  which  was  drawn  out  at  its  farther 
♦extremity,  fo  as  to  terminate  in  a  bore  nearly  capil- 
lary; 
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hry ;  and  having  thrown  into  it  fome  fait  of  tartar, 
I  hailily  applied  the  cork,  and  inilantly  prelented, 
clofe  to  the  end  of  the  tube,  a  piece  of  a  particular 
kind  of  blue  paper,  ufed  for  the  covers  of  pamphlets, 
as  well  as  other  pieces  of  paper  tinged  blue  with  the 
fcrapings  of  radiihes.  When  the  efFervefcence  was 
brifk,  and  proper  expedition  was  ufed,  the  mephitic 
vapour  rufhing  out,  undiluted  with  common  air, 
and  in  a  denfe  and  fometimes  vifible  column,  in- 
ilantly changed  thofe  parts  of  the  blue  paper,  tov/ards 
which  it  was  direfted,  of  a  bright  red  colour.  On 
bringing  the  tongue  likewife  ta  the  end  of  the  tube, 
the  fenfaLlon  of  acidity  was  very  fenfible. 

Experiment  II. 

The  fuccefs  of  the  preceding  experiment  wholly 
depends  on  the  denfity  and  velocity  of  the  mephitic 
blaft.  Having  afterwards  caufed  the  fixed  air  to  pafs 
through  moift  alkaline  fait  introduced  into  the  tube, 
it  now  only,  in  general,  weakened  or  difcharged  the 
colour  of  the  blue  paper.  This  efte£l  I  was  at  firft 
inclined  to  attribute  to  the  vitriolic  acid,  phlogiflicated 
or  volatilifed,  v/hich  is  known  to  a£t  in  this  manner 
on  various  coloured  fubftances  :  but  from  the  follow- 
ing experiments  it  may  be  inferred,  that  the  change 
was  produced  by  the  mephitic  acid's  being  in  part 
neutralifed,  and  confequently  diminiflied  in  quantity. 
in  its  pafFage  through  the  alkali ;  fo  that  the  remain- 
ing vapoitr,  though  as  acid  as  before,  was  in  too  rare 
a  ftate,  and  had  not  momentum  fufficient  to  produce  the 
fed  colour. 

:  z  3  Expe: 
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Experiment  HI. 

Six  ounces  of  a  weak  infufion  of  Litmus  in  wa- 
ter, being  impregnated  with  two  or  three  ounces  of 
fixed  air,  had  its  blue  changed  to  a  red  or  pink  co- 
lour.— A  weak  and  nearly  colourlefs  infufion  of  the 
petals  of  the  corn-flower,  as  well  as  infufions  of  two 
or  three  other  blue  field  flowers,  acquired  likewife  a 
flight  reddifli  tinge,  on  being  even  weakly  impregnated 
with  fixed  air. 

Experiment  IV. 

Having  prepared  a  Hepar  Sulphuris,  in  the  liquid 
way,  and  in  which  the  alcali  was  fully  faturated  wi-th 
the  fulphur ;  I  diluted  a  part  of  it  with  rain  water, 
and  added  to  it  a  few  ounces  of  water  faturated  with 
fixed  air.  The  impregnated  water  produced  the  ef- 
fe£ls  which  are  known  to  follow  the  addition  of  any 
acid  to  an  alcaline  folution  of  fulphur.  The  liquor 
became  milky  and  opaque  ;  and  after  fome  time  part 
of  the  fulphur  was  precipitated  :  doiibtlefs  by  the 
aftion  of  the  mephitic  acid,  which  joined  itfelf  to  the 
alcali,  and  thereby  difengaged  a  proportional  part  of 
the  fulphur  before  combined  with  it. 

Experiment  V. 

The  fucceffive  a£lion  of  the  acid  in  fixed  air  on 
fuch  of  the  blue  vegetable  juices  as  it  changes  to  red, 
or  its  gradual  entrance  into  water,  is  very  pleafmgly 
exhibited  by  filling  a  phial,  which  has  a  fmall  hole 
drilled  near  its  bottom,  with  an  infufion  of  Litmus, 
and  then  introducing  into  its  neck  a  perforated 
J  cork. 
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cork,  to  which  is  fixed  a  bladder,  containing  fixed 
air.  Prefllng  the  bladder  till  the  liqr.or  defccnds  to 
the  broad  part  of  the  phial,  the  perforation  is  to  be 
ftopped  ;  and  the  infufion  being  fufFered  to  remain  per- 
fectly at  rcfi,  the  gradual  entrance  of  the  fixed  air  into 
It  (or  rather  the  condenfation  of  the  mephitic  acid)  will 
be  rendered  vifible,  by  the  fucceflive  change  of  colour 
in  the  liquor,  from  the  furface  downwards,  from  blue 
to  red. — This  experiment  may  be  diverfified  by  em- 
ploying the  procefles  indicated  in  Experiment  7th. 

The  fixed  air  employed  in  the  preceding  experi- 
ments was  generally  procured  from  fait  of  tartar,  by 
means  of  the  vitriolic  acid.  The  greater  part  how- 
ever of  thefe  and  the  following  experiments  were  re- 
peated with  fixed  air,  obtained  from  the  following 
fubftances,  or  combinations  ;  from  which  I  reje6ted 
tlie  nitrous  and  marine  acids,  for  obvious  reafons, 
particularly  on  account  of  their  volatility.  I  tried  the 
fixed  air  procured  from  the  vitriolic  acid  added  to 
chalk,  and  even  from  the  fame  acid  and  mild  volatile 
alcali  ;  that  flowly  obtained  from  fixed  alcali  and 
cream  of  tartar  ;  and  even  that  which  rifes  from 
wort  in  the  a*5l  of  fermentation.  The  fame  figns  of 
acidity  were  exhibited  by  the  fixed  air  obtained  from 
all  of  them. 

In  all  thefe  procefles,  however,  an  acid,  mineral  or 
vegetable,  might  be  fufpected  to  have  been  concerned 
as  an  ingredient  in  the  procefs,  in  the  produ(5lion  of 
the  effects  above  afcribed  to  the  fixed  air.  In  the 
following  experiment,  therefore,  I  ufed  fixed  air  ex- 
pelled from  a  body,  without  the  inten^ention  of  an 
acid,  and  merely  by  the  force  of  fire. 


ExPE- 
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Experiment  VI, 

A  phial,  to  the  mouth  of  which  a  glafs  tube  had 
been  joined,  by  means  of  the  blow  pipe,  v/as  filled 
with  Magnefia,  the  perfeii:  purity  of  which  I'had  pre- 
vioufly  afcertained.  Flaving  placed  it  in  fand  con- 
tained in  a  crucible,  which  was  fet  upon  the  fire,  the 
air  proceeding  from  it  was  ilicceffively  received  into 
fmall  phials  filled  with  infuncn  of  Litmus.  The 
firft  ounce,  which  came  over  even  before  the  Magne- 
fia could  be  thoroughly  heated,  though  neceflarily 
mixed  with  common  air,  tinged  the  infufion  of  a  red 
colour.  The  fubfequent  produce  (which  came  aver 
to  the  amount  of  eight  ounces,  v>/hen  the  apparatus 
was  accidentally  broken)  continued  to  exhibit  the 
fame  figns  of  acidity,  as  were  given  by  the  fixed  air, 
expelled  from  alkaline  falts  and  earths,  by  means  of 
acids.  It  pofl"efred  likewife  the  other  properties  of  the 
laft  mentioned  fixed  air,  v/hich  Vv'ill  be  related  in  the 
next,  and  fome  of  the  folio vs^ing  experiments. 

Finding  the  acid  in  fixed  air  not  firong  enough,  oy 
fiifficiently  concentrated,  to  3.8:  fcnfibly  on  the  gene- 
rality of  the  blue  vegetable  juices  ;  I  conceived,  that 
by  the  following  method  the  greater  part  of  them 
might  neverthelefs  be  made  to  bear  teftimony  to  its 
acid  quality. 

Experiment  VII. 

Having  diluted  fome  fynip  of  violets  with  water, 
and  prepared  difi^erent  infufions  of  fuch  of  the  blue 
vegetable  flowers  as  were  not  changed  red  by  fixed 
air  ;  there  were  added  to  each  of  them  a  few  drops  of 
z  fglution  of  fixed  alcali,  fufiicient  to  turn  them  to  a 
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green  colour.  A  few  drops  likewife  of  the  fame  folu- 
tion  were  added  to  an  infufion  of  Litmus.  On  im- 
pregnating thefe  different  liquors  with  fixed  air,  (from 
fpirit  of  vitriol  andchaik)  the  infufion  of  Litmus  was 
changed  red  as  before  ;  and  the  green  colour  given  to 
the  other  blue  infufions,  by  the  alkaline  fait,  was  de- 
ftroyed  by  the  fixed  air: — an  evident  proof,  that  tlie 
alcali^  by  which  the  green  colour  had  been  produced, 
liad  been  neutralifed  by  an  odd. 

The  fame  effecSls  were  produced  by  impregnating 
the  infufions  with  the  fixed  air  procured,  in  the  pre- 
ceding experiment,  from  Magnefia,  by  fimple  calcina- 
tion 3 — as  likewife  from  chalk  calcined  in  a  tobacco- 
pipe,  and  afterwards  in  a  gun-barrel  :  tho'  the  greater 
part  of  the  produce,  in  this  lafc  procefs,  was,  as  you 
have  already  noticed,  infoluble  in  water,  and  in- 
flammable. 

All  thefe  experiments,  and  others  of  a  fimilar  na- 
ture, proved  only  that  an  acid  exifi:ed  in  fixed  air. 
This  lafi:  however  induced  me  to  extend  my  views, 
and  fuggefled  a  feries  of  experiments,  which  led  me 
to  the  conclufion  announced  in  the  beginning  of  this 
letter  ; — that  fixed  air,  when  pure,  and  from  what- 
ever fubftance  obtained,  is  only  a  peculiar  acid,  in  a 
ftate  of  vapour ;  which  particular  modification  it  af- 
fumes  on  its  expulfion  from  various  bodies,  by  the 
pov/er  of  a  fuperior  acid  taking  its  place  ;  or  by  that 
of  fue.  Thefe  experiments,  which  are  as  fimple,  as 
they  appear  to  me  to  be  decifive,  fiiall  be  the  fubjeiSt 
of  another  letter. 

WltLIAM  BeWLY, 


Great  Majftngham^  Nor- 
'  folk;,  Sept.  Z^l,  1775. 
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LETTER     IL 

Great  Majjingham,  Sept.  27,  1 775. 

I.have  hitherto  attempted  merely  to  afcertatn  the 
exigence  of  an  acid  in  fixed  air.  The  avowed  pur- 
pofe  of  the  prefent  letter  is  no  Icfs  than  that  of  intro-^, 
ducing  a  new  fubje6t  into  the  tribe  of  acids  ;  and  or 
fhewing  that  the  aforefaid  acid  is,  in  fait,  the  very 
fubftance  denominated  fixed  air.  1  he  following  ex- 
periments will  at  leaft,  I  flatter  myfelf,  decifively  prove 
that  it  is  ellential  to  the  conftituence  of  that  fluid  ; 
2nd  that  it  cannot  be  deprived  of  it,  without  ceafing 
to  be  fixed  air. 

Apprehending  that,  if  the  acid  detected  in  fixed 
air  were  only  a  foreign  or  contingent  principle,  cafu- 
ally  floating  in  this  fluid,  it  might  be  deprived  of 
this  adventitious  fubftance,  by  means  of  an  alcalinc 
fait,  and  yet  ftill  retain  its  othef  diftinguifliing  charac- 
tcrifl:ics,  of  ^lafticity,  abforption  in  water,  &c.  I  pur- 
fued  the  hint  fuggefted  to  me  by  the  event  of  the  laft 
experiment,  by  trying  whether  I  could  not  divert  it  of 
this  fuppofed  adventitious  acid,  and  thereb}^  procure 
and  examine  it  in  a  ftate  of  purity.  For  this  purpofe 
I  firft  made  the  following  experiment ; 

ExPERIMEfiTT    VIII. 

Filling  a  two  ounce  phial  with  a  flrong  folutlon  of 
Tni Id  fixed  alcali,  and  putting  into  a  cup  of  a  fmall 
diameter  a  very  little  quantity  of  the  fame  folution, 
barely  fufficient  to  allov;  mc  to  immerge  the  neck 

of 
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of  the  phial  into  it,  without  fuffering  the  com", 
men  air  to  enter ;  I  fourid  that,  on  throwing  about 
an  ounce  of  fixed  air  into  it  repeatedly,  and  alter- 
riately  taking  the  phial  out  of  the  cup,  and  agitating  its 
contents,  the  fixed  air  totally  *  difappeared  each  time  ; 
an^,  upon  the  whole,  in  fuch  quantities,  as  could  not 
eafily  be  accounted  for,  on  any  other  hypothefis,  than 
that  it  was  merely  the  vapour,  or  the  elaftic  fumes,  of 
an  ^r/Wfpirit,  condenfed,  and  combined  with  an  alcalu 
Several  ounce  meafures  of  fixed  air  were  thus  made  to 
iJifappear  fucceflively  ;  and  I,  at  length,  difcontinued 
the  procefs,  through  mere  laflitude. 

If  the  alcali  had  only  laid  hold  of  an  extraneous 
acid  floating  in  fixed  air,  it  might  have  been  expe£led, 
that  the  aerial  fubftance,  or  vehicle,  which  contained 
it,  might  have  remained,  with  only  fome  flight  dimi- 
nution of  its  bulk  :  but  on  twtry  frefli  introduftion  of 
fixed  air,  nearly  the  ivhole  of  it  vanilhed  ;  and  the  al- 
cali, which  was  mild,  evidently  appeared  to  a6f,  not  as 
an  abforbent  of  a  fuppofed  aerial  fubftance,  but  as  an 
j^ntacid. 

I  next  made  the  following  experiment,  with  water, 
in  which  I  diflblved  a  fmall  and  known  quantity  of 
mild  alkaline  fait ;  in  order  to  determine  how  much  of 
the  alcali  a  given  quantity  of  fixed  air  was  capable  of 
neutralifing. 

*  When  I  ufe  this  expreflion,  or  othcrj  of  a  fimihr  import,  here 
and  elfewhere,  I  fcarce  think  it  neceflary  to  obferve,  that  a  very  fmaJl 
refiduum  was  left  after  each  trial  ;  the  fpace  occnpied  by  which  I  ufu- 
ally  filled  up,  for  the  fake  of  expedition,  from  the  liquor  in  the  cup, 
I  never  coUefted  thefe  rcfidua\  which  I  confidcr  as  imj>uritics,  confift- 
ing,  in  part  at  leaft,  of  common  air  j  from  which,  and  inflammable 
air,  it  is  fcarce  polTible  to  procure  fixed  air  perfectly  free.  Whatever 
they  may  be,  they  certainly  are  net  the  fubllancc  w»  ufually  defign  by 
the  name  of  fixed  aii. 

£XPE- 
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Experiment  IX. 

^^.'t  .■impregnated  five  ounces  of  Well-water  with  fixed 
air,  till  it  would  receive  no  more.  I  could  not  make 
it  abforb  more  than  about  four  ounces.  I  then  added 
to  tlie  water  20  grains  of  fait  of  tartar,  previouily 
diflblved  in  a  fmall  quantity  of  water ;  and  immerg- 
jng  the  mouth  of  the  phial  into  a  fmall  cup,  contain- 
ing water,  I  threw  up  into  it  about  half  its  bulk  of 
fixed  air.  On  agitating  the  liquor,  and  again  im- 
merging  the  mouth  of  the  phial,  and  then  flowly 
withdrawing  my  finger,  the  liquor  in  the  cup,  though 
the  greatefl  part  of  it  had  been  hQ^oxQ  faturated  with 
fixed  air,  ruflied  up  into  the  phial,  with  nearly  as 
much  violence  as  if  a  vactiumh.'2i6.  been  formed  in  the 
•upper  part  of  it. — The  effect  naturally  reminded  me 
of  the  condenfation  of  fteam  or  vapour  in  the  fire 
engine  ;  and  is  fcarcely  to  be  accounted  for,  without 
conlidering  it  as  proceeding  from  a  fimilar  caufe,  or 
conceiving  the  included  fixed  air,  as  a  greatly  ex- 
panded and  elaflic  vapour  of  an  acid  fpirit,  fuddehly 
condenfed^  arid  immenfely  reduced  in  its  dimenfions, 
■qus  acid,  by  the  action  of  the  alcali. — Frefh  portion^ 
of  fixed  air,  introduced  into  the  alcaline  folution,  fiif- 
cefTively  difappeared  ;  and,  upon  the  whole,  in  coii- 
fequence  of  the  addition  of  only  thefe  twenty  grains 
,of  alcaline  fait,  the  water  received  or  condenfed. about 
feven  or  eight  additional  ounces  of  fixed  air. 

Experiment  X. 

That  I  might  fee  the  progrefs  of  the  neutralifation, 

1  diverfified   the  preceding  expe'riment,  by  colouring 

7  water- 
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water  with  Litmus,  fyrup  of  violets,  and  other  blue 
infufions  ;  and  by  the  cliange  of  colour  induced,  was 
enabled  to  fee  the  action  of  the  mcphltic  acid  on  the 
dilFerent  alcalifed  hquors  ;  and  in  the  infufion  of  Lit- 
mus particularly,  could  perceive  the  final  predomi- 
nance of  the  acid,  as  in  the  7th  experiment,  by  means 
of  tlie  red  colour  given  by  it  to  the  liquor. 

Should  the  foregoing  evidence  for  the  exigence  of 
the  'mephitic  acid,  founded  on  the  vifible  changes  of 
colour  produced  by  it,  be  queftioned  ;  it  is  corrobo- 
raied,  and  indeed  rendered  unqueftionable,  by  the 
tellimony  of  another  fenfe,  in  the  following  experi- 
ment. 


Experiment  XL 

Th^-laft  experiment  was  repeated,  with  a  larger 
proportion  of  alkaline  fait  ;  each  ounce  of  water  now 
containing  fix  grains  of  alkali.  The  folution  had  in 
a  high  degree  the  well-known  acrid,  urinous,  and 
abominable  tafle  of  the  alkaline  fait.  Tailing  it,  at 
different  times  during  the  courfe  of  the  impregnation, 
the  acrid  and  lixivial  flavour  was  found  to  be  gradu- 
ally diminilhed,  in  proportion  as  the  hxed  air  was 
combined  with  it.  Towards  the  end,  the  alcaline  and 
urinous  flavour  was  completely  deflroyed,  by  the  ac- 
tion of  the  mephitic  acid  ;  and  when  the  alcali  was 
perfetStly  neutralifed,  the  fohition,  which  was  colour- 
ed with  Litmus,  en  being  well  agitated  with  {rt([-\ 
portions  of  fixed  air,  received  ftill  more  of  that  flu- 
id ;  at  the  fame  time  it  became  red,  and  its  tafte  was 
now  fimply,  and  net  difaqreeably,  faline,  and  even, 
JJubacid. 

From 
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From  thefe  and  fome  other  experiments,  I  efti- 
mated,  that  an  ounce  of  fixed  air,  or  acid  mephitic 
vapour  J  will  neutralife  between  three  and  four  grains 
of  rnild  fixed  alcali  ;  or  perhaps  fomewhat  more.  It 
was  not  indeed  eafy,  by  this  method,  to  afcertain  the 
exa<3:  quantity.  Part  of  the  mephitic  acid  was  doubt- 
lefs  neutralifed,  even  in  its  paflage,  in  fmall  bubbles, 
(as  was  the  cafe  in  my  experiments)  through  the 
alcalifed  liquor.  On  the  other  hand,  it  is  difficult 
to  know  whether,  and  how  far,  this  lofs  by  condenfa- 
t'loriy  was  counterbalanced,  or  more  than  counter- 
balanced, by  the  dijfipation  at  the  furface  of  the 
liquor  in  the  bafon. 

Experiment  XII. 

EfFedls  fimilar  to  thofe  related  in  the  p^Jedlng 
experiment  were  produced,  on  adding  the  volatile 
alcah  to  water,  and  likewife  the  yi^/ alcali ;  but,  as 
might  be  expected,  in  a  lefs  degree.  It  is  fuppofed, 
that  the  latter  ovy^cs  the  principal  properties  which^ 
dirtinguilh  it  from  the  fixed  vegetable  alcali, 
to  its  containing  a  larger  proportion  of  fixed  air.  As 
it  is  likewife  frequently  impure,  if  it  fliould  contain 
any  of  the  marine  acid  capable  of  being  difengaged 
from  it ;  that  acid,  as  fuperior  to  the  mephitic,  muft 
contribute  to  prevent  fo  large  a  portion  of  the  latter 
from  entering  into  the  alkaline  folution,  as  would  be 
received  when  the  pure  vegetable  alcali  is  employed. 

Experiment  XIII. 

Having  thus  obtained  a  perfectly  new  neutral  falt^ 
(though  m  a  Hate  of  folution)  I  was  defirous  of  af- 

certaining 
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certalning  fome  of  its  chemical  qualities  ;  and  parti- 
cularly of  trying  whether  fixed  air,  after  having  been 
neutraJifed  by  an  alcali,  might  not  be  expelled  from 
it  by  means  of  lire,  and  come  over  poflefled  of  its 
acid  quality. 

I  took  therefore  fome  of  the  produce  of  the  nth 
Experiment,  and  firft  neutralued  the  fuperabundant 
mephitic  acid,  by  dropping  in  Lixiviu?n  tartari  till 
the  folution  loft  its  red  colour,  and  became  blue. 
With  this  liquor  I  nearly  filled  a  phial,  to  which  a 
bent  tube  was  accurately  adapted,  and  well  fecured 
with  very  ftiff  cement.  Putting  it  into  a  pan  of 
water,  placed  on  burning  coals,  I  fet  a  pliial,  iilled 
with  infufion  of  Litmus,  over  the  extremity  of  the 
tube,  which  was  immerfed  in  a  bafon  of  water.  I 
was  furprifed  to  find  that  no  fenfible  part  of  the  large 
quantity  of  mephitic  air,  or  acid  vapour,  contained 
in  the  folution  in  a  condenfed  ftate,  was  expelled  from 
the  aJkali,  though  the  water  in  the  pan  was  made  to 
boil  violently  :  and  yet  innumerable  fmall  bubbles, 
probably  the  mere  vapour  of  the  heated  liquor,  were 
perceived  to  afcend  from  the  bottom  of  the  phiaL 
A  very  fmall  portion  of  air  indeed  came  over,  at  the 
beginning  of  the  procefs,  into  the  inverted  phial :  but 
00  pait  of  it  was  abforbed  by  the  infufion ;  nor  could 
any  change  of  colour  be  produced  in  the  latter  by 
agitation ;  neither  did  the  faline  folution,  though  fo 
long  fubjefted  nearly  to  a  boiling  heat,  exhibit,  when 
cold,  any  tafte  of  the  alcali  contained  in  it.  To  dif^ 
cover  whether  the  apparatus  might  not  have  deceived 
me,  I  repeated  the  experiment  in  the  fame  bottle 
with  pure  water,  faturated  folely  with  fixed  air ;  the 
greateft  part  of  which  came  freely  over,  and  afcended 
into  the  inverted  phiaJ. 

EXPE* 
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Experiment  XIV. 

Finding  the  mephitic  acid  thus  refift  nearly  a  boil- 
ing heat,  when  combined  with  the  fixed  alcali,  but 
fhut  out  from  all  communication  vv^ith  tlie  common 
air;  I  was  deilrous  of  trying  whether  the  neutral  fait, 
formed  of  thefe  two  fubliances,  might  not  poilibly 
be  procured  in  a  concrete  or  cryfcalline  form.  But^ 
on  expofing  different  coloured  folutions,  the  produ£l 
of  the  I  ith  Experiment,  in  broad  plates,  to  the  com- 
mon air,  in  a  warm  room  ;  the  early  change  of  their 
colour  fpon  convinced  me —  (though  the  great  quan- 
tity of  the  mephitic  acid,  which  slcaline  falts  contain 
in  their  common  Ihite,  fl:rongly  adheres  to  them  even 
in  a  considerable  heat — )  that  the  acid,  fuperadded  to 
that  before  combined  with  them,  has  a  much  greater 
alHnity  to  atniofpherical  air,  than  to  fixed  alcali. — In 
2  few  hours,  the  flight  of  the  mephitic  acid  was  fen- 
fible  to  the  tafte;  the  infufions  becoming  gradually 
more  fenfibly  alcaline.  Having  ufed  only  fmall 
quantities,  I  cannot  fpeak  precifely  as  to  the  particu- 
lar nature  of  the  fait  left  after  the  evaporation  of  the 
o-reater  part  of  the  water.  In  fome  of  the  plates,  very 
fmall  cryflals  were  formed  ;  but  the  greateft  part  of 
the  folution  continued  deliquefcent. — On  the  whole, 
the  remaining  fait  did  not  appear  to  be  fojjil  alcali. 

Experiment  XV. 

Finding  that  fixed  air  a£led  as  an  acid,  in  perfeftly 
neutralifmg  alcaline  falts,  I  was  naturally  led,  fronhi 
analogy,  to  expecl  that  it  might  likewife  dillblve 
calcareous  earths.  On  adding  the  finell:  powder  of 
common  chalk  to  water,  in  a  fufficient  quantity  to 

render 
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i'ender  it  milky  and  opaque,  I  found,  that  on  repeat- 
edly and  forcibly  agitating  the  liquor  with  freih  por- 
tions of  fixed  air,  its  milkinefs  and  opacity  gradually 
difappeared.  The  whole  of  the  earth  was  at  length 
perfectly  diflblvedj  and  the  water  became  tranfparent. 
— Pure  magnefia  was  diffolved  in  the  fame  manner. 

When  I  tried  this  experiment,  I  did  not  recoilcol 
one  made  by  the  Hon.  Mr.  Cavendifh,  in  his  obfer- 
yations  on  what  he  calls  the  unneutralifed  earth  in 
Rathbone- place  water,  and  other  waters  *  ;  by  which 
he  means  an  earth  not  dillblved  or  faturated  by  anv  of 
the  known  mineral  acids,  but  fufpended  in  water  by 
an  additional  proportion  of  fixed  air.  The  prefent 
experiment  fhevvs  that  it  is  neutralifed,  or  difiblvedj 
at  leaft,  by  the  mephitic  acid. 

It  is  remarkable,  as  he  obferves,  that  pure^  or  cal- 
cined calcareous  earth,  which  is  foluble  in  water, 
fhould,  on  being  impregnate<l  with  fixed  air,  become 
totally  infoluble  in  tlrac  fluid ;  and  that  by  adding 
a  fiill  further  portion  of  fixed  air,  it  ihould  be  again 
rendered  capable  of  being  fufpended  in  water.  Con- 
fidering  fixed  air  as  an  acid^  the  fingularity  in  a  great 
meafure  difappears.  More  than  one  infiance  in  che- 
miftry  occurs  to  me  that  refemble  the  foregoing. — 
Thus  calomel^  or  mercur)-  combined  with  the  marine 
acid,  is  almolr  totally  infoluble  in  water  (one  grain 
requiring  near  2000  times  its  weight  of  boiling  water 
to  diflblye  it)  ;  but  mercury  fuhlimate,  or  mercury 
combined  with  a  ftill  larger  portion  of  the  fame  acid, 
is  very  readily  foluble  in  the  fame  liquid  %• 

Since  I  wrote  what  goes  before,  the  idea  of  an 
experiment  occurred  to  me,  which  I  imme4iately 

*  Phil.  Tranf.  Vol.  57.  p.  104. 

I  Sec  Baume's  Cbymi-:.  Expir'mer.talt,  &c,  Tom.  2.  p.  41?,  &c. 

A  a    *  executed  J 
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executed  ;  and  the  rcfult  of  which,  though  it  comes 
in  here  rather  out  of  its  place,  is  too  material  and 
decifive  to  be  omitted. 

Experiment   XV. 

RecoUefting  that  you  had  obtained  fixed  air,  by 
means  of  fire,  from  volatile  alcaline  falts,  I  diflblvcd 
fome  of  the  volatile  fait  of  Sal  a?7;moniac  in  water, 
with  which  I  nearly  filled  a  phial  fitted  up  with  a  bent 
tube,  which  I  fet  on  the  fire  in  a  pan  of  water.  The 
fixed  air  which  was  expelled  from  this  alcaline  fait, 
without  employing  any  other  medium  than  heat,  exhi- 
bited the  very  fame  phenomena  with  that  procured  by 
the  intervention  of  foreign  acids.  Although  mucH 
volatile  alcali  muft  have  come  over  with  it,  and  neu- 
tralifed  a  confiderable  part  of  it ;  yet  the  mephitic  acid 
was  fo  much  more  abundant,  as  not  only  to  neutralife 
the  alcaline  vapours  that  rofe  along  with  it,  but  to 
be  predominant  in  the  coloured  infufion  into  which  it 
was  received.  This  liquor  was  fo  far  acidulated  with 
it,  as  to  become  of  a  bright  red  ;  and  it  required  a 
fenfible  quantity  of  fixed  alcali  to  reftore  its  blue  co- 
lour, and  neutralife  it. 

Experiment  XVI. 

In  confequence  of  the  refult  of  this  experiment, 
(though  I  had  before  found  [Experiment  XII.] 
that  fixed  air  could  not  be  recovered,  by  means  of 
heat,  from  a  combination  of  it  with  y?;^'-?^  alcah)  I 
neutralifed  feveral  ounces  of  it,  condenfed  in  wa- 
ter, with  volatile  alcaline  fait,  and  then  added  more  of 
the  fame  alcali ;  till  the  liquor  was  very  fenfibly  alca- 
line. 

Treating 
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Treating  this  folutioii  in  the  fame  manner  as  in 
the  1 2th  and  the  preceding  experiment,  I  found, 
on  the  very  firft  application  of  the  heat  of  boiling 
water,  that  the  fixed  air  left  the  volatile  alcali,  with 
which  it  had  been  intimately  combined,  and  indeed 
fnper-faturated ;  and  afcended,  or  was  dijVilled  over 
into  the  inverted  phial,  in  copious  fliowers  ;  perfeftly 
unchanged,  from  its  union  with  the  alcali,  and  pof- 
felTed  of  its  acid,  and  all  its  other,  qualities. 

Experiment    XVII. 

Under  this  title,  I  fhall  only  recapitulate,  as  the 
general  refuit  of  all  the  experiments  I  have  made, 
with  a  view  to  analife  fixed  air,  and  particularly  to 
detach  its  acid  from  it,  by  means  of  alcalis ; — that 
this  acid  is  a  principle  ejfetitial  to  the  conftituence  of 
this  fluid  ;  if  indeed  it  does  not  conftitute  the  whole 
of  it.  If  a  fmall  quantity  of  alcali  be  employed,  the 
remaining  fixed  air,  which  has  been  agitated  with  it, 
retains  as  much  of  its  acid  quality,  as  if  it  had  never 
been  fubjedted  to  the  aflion  of  the  alcali.  On  the 
other  hand,  if  a  fuflicient  quantity  of  the  latter  has 
been  agitated  with  it,  in  order  to  neutralife  the  whole 
of  the  mephitic  ac'ul^  the  factitious  air  difappears. 
In  fhort,  fixed  air,  and  its  acid,  if  they  be  not  one 
and  the  fame  fubftance,  appear,  from  all  my  refearches 
into  the  nature  of  this  fluid,  to  be,  at  leaft,  infepa- 
rable  companions  :  they  come  and  go  together ;  fo 
that,  when  the  acid  is  deflroyed,  or  lofes  its  dii^in- 
guifhing  characleriftics,  the  air,  at  the  fame  time, 
vanifhes  from  our  notice. 


Some  of  thefe   lafl-mentioned    experiments   have 
been  fo  lately  made  ;    and  the   impreflion  of  your 
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fecond  volume  is,  as  you  inform  me,  in  fuch  for- 
wardnefs,  that  I  have  not  time  even  to  hint  at  the 
refults  of  the  numerous  collateral  obje^ls  of  inquiry, 
which  the  confideration  of  this  intcrefting  and  fruitful 
fubjecl:  has  fuggefted  to  me  ;  and  v.'hich  I  or  others 
may  hereafter  profecutc.  I  am  pretty  confident  that 
I  have  not  been  materially  deceived  in  the  experi- 
ments above  related  ;  or  been  tempted,  by  a  predi- 
ledion  for  a  preconceived  hypothefis,  to  draw  con- 
clufions  not  fully  warranted  by  the  premifes.  On 
that  fuppofition  i  lliall  terminate  this  long  letter,  or 
rather  formal  elTay,  v.'hich  I  have  not  time,  however, 
to  (horten,  with  a  few  mifcellaneous  reflexions,  in 
the  order  in  which  t}iey  occur  to  me. 

I.  The  ultimate  dcngn  of  all  our  experimental 
refearches  into  tlie  properties  of  natural  bodies,  is, 
or  ought  to  be,  public  utility.  On  this  account, 
I  mention  in  the  firft  place  a  practical,  ufeful,  and 
perhaps  important  application  of  the  refults  of  the 
eighth,  ninth,  and  tenth  experiments.  A  medical  ufe 
may  be  m^ade  of  the  procelTes  there  defcribed,  in 
which  a  ne%v  neutral  fait  is  produced,  by  com- 
bining the  mephitic  dcid  with  alcal-ine  falts  ;  in  pu- 
trid difeafes  particularly,  and  in  all  thofe  cafes  where 
we  would  wifh  to  introduce  a  larger  quantity  of  fixed 
air  into  the.fyftem,  than  can  be  condenfed  by,  or 
combined  with,  fimple  water.  .  By  previoufly  dif- 
folving  in  this  fluid  certain  quantities  of  fixed  alcaline 
fait,  it  may  be  made  to  receive  twice  or  thrice  its 
bulk,  or  a  ftill  larger  proportion,  of  fi,\ed  air.  I  have 
not  made  any  experiments  purpofely  to  afcertain  how 
far  the  folubility  xA  the  neutral  Jiiephltic  fait  in  water 
extends  :  but  from  the  7th  experhnent  it  rtiould  feeni 
to  be  poffefTed  of  this  quality  in  an  unlimited,  or  at 
k-afl:  in  a  very  extenfive  degree.     Neither  liave  I  yet 

had 
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had  oppoi'tunities  of  experiencing  the  qualities  of  very 
lirong  folutions  of  this  new  faline  neutral  compound. 
It  is  probable  tliat  they  will  be,  at  leaft  in  part,  de- 
compounded in  the  itomach,  or  prima  vies.  I,  once 
oiily,  drank  eight  ounces  of  alcaliied  water,  which 
had  been  neutralifed  by  about  a  pint  and  a  half  of 
rixed  air  ;  and  was  very  fenfible  of  its  etfeits,  par- 
ticularly in  my  head,  for  fome  time  afterwards.  It 
appeared  likewife  to  ail  pretty  (Irongly  as  a  diuretic. 

From  the  very  (hort  experience  I  have  yet  had  of 
Dr.  Nooth's  apparatus  (delcribed  in  the  lail  volume 
of  the  Philofophical  Tranfactions )  It  feems  to  me 
well  adapted  to  the  preparation  of  this  compound, 
or  faline  Pyrmont  water.  All  the  junctures,  how- 
ever, ought  to  be  perfectly  air-tight  3  as  it  is  of  ad- 
vantage that  the  alcalifed  v.'ater  Ihould  ftand  a  fev/ 
days  expofed  to  the  aftion  of  frefh  portions  of  fixed 
air ;  that  it  may  be  perfectly  neutralifed,  and  even 
receive  an  excefs  of  acid. 

2.  When  a  moderate  quantity  of  alcaline  fait  has 
been  diflblved  in  the  water,  as,  for  inftance,  only 
three  or  four  grains  in  each  ounce,  the  artificial  Pyr- 
mont water,  into  which  I  have  converted  this  v>'eaker 
alcaline  folution,  is  of  courfe  more  fapid,  and  appears 
to  me  more  pleafant,  than  even  that  which  has  been 
made  with  firnple  water.  It  has  the  fame  acidulous 
ta'ile,  when  the  procefs  has  been  properly  conducted  ; 
and  if  it  fhould  be  defired  to  have  it  ftill  more  pun- 
gent and  acidulous,  chemifiry  Vv'ill  furnifli  us  with 
various  expedients  for  difengaging  a  part  of  the  me- 
phitic  acid,  at  the  time  the  water  is  drank.  This 
may  be  effected  either  by  different  faline  compounds, 
or  by  naked  acids,  or  acefcent  liquors.  For  the  me- 
phitic  acid  is  let  loofe  from  its  alcaline  bafis  by  all  the 
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acids  which  I  have  yet  had  leifure  to  try  ;  and  even 
by  the  flight  and  latent  acid  contained  in  w^ine,  or 
other  vinous  Hquors. 

3.  Thefe  experiments  lead  us  to  confider  the  com- 
mon or  mild  alcaline  falts,  as  they  are  called,  in  a  new 
point  of  viev>r.  They  fhew,  that  the  only  true  and 
fimple  alcaline  fait  is  the  caiiftlc  alcali,  either  fixed  or 
volatile ;  which  has  been  reduced  to  a  pure  alcaline 
ftate  by  the  abftradion  of  the  mephitic  acid  com- 
bined with  it,  through  the  fuperior  affinity  or  attrac- 
tion of  pure  or  fimple^  that  is,  calcined  calcareous 
earth.  All  the  others  are  only  fubcdkcdine  falts,  more 
or  lefs  combined  with,  and  in  part  neutralifed  by,  the 
mephitic  acid  5  and  which  are  capable,  as  has  been 
fhcwn,  of  being  completely  neutralifed  by  it. 

4.  When  we  expel,  and  colIe£t,  the  mephitic  acid 
from  an  alcali,  by  means  of  the  vitriolic,  or  any  other 
acid,  the  procefs  is  perfectly  funilar  to  thofe  by  which 
we  expel  and  diftill  other  acids  from  their  alcaline, 
earthy,  or  metallic  bafes,  by  means  of  a  fuperior  acid. 
The  only  material  difference  is,  that'  the  vapours  of 
thofe  acids,  though  equally  elaftic,  are,  in  general, 
readily  condenfable,  and  come  over  reduced  into  a 
liquid  and  palpable  fiate  :  whereas  the  vapour  of  the 
mephitic  acid  more  obilinately  retains  its  elafticity  j 
which  it  preferves  liil  a  body  is  prefented  to  it,  to 
which  it  has  an  affinity,  and  with  which  it  then 
readily  unites.  Your  acid  air^  that  is,  the  marine 
acid  in  a  ftate  of  vapour,  approaches  neareft  to  it  in 
this  refpeit.  Like  mephitic  air,  it  preferves  its  elaftic 
or  aerial  qualities,  when  confined  by  glafs  and  mer- 
cury ;  and  only  dilTers  from  it  in  being  much  more 
readily  and  copiouily  condenfed,  when  water  is  pre- 
fejited  to  it.    In  that  cafe,  however,  the  phlegm  which 
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condenfes  acid  air  becomes  a  ftrong  fpirit  of  fea  fait ; 
whereas  that  which  condenfes  fixed  air,  does  it  fo 
fparingly,  as  to  confcitute  only  a  Pyrmont  water,  or 
a  dilute  folution  of  mephitic  acid. 

5.  It  is  a  matter  which  may  be  worthy  of  future 
invertigation,  to  inquire  whether  pure  fixed  air  be  a 
fimple  or  compound  fubftance ;  and  whether  the  jne- 
phitic  acid  mzy  not  be  procured,  per  fe^  or  in  a  liquid, 
vifible,  or  concentrated  ftate  ;  by  the  addition  of  a 
few  drops  of  which,  water  or  other  liquors  may  be 
impregnated  with  it  to  any  degree.  From  the  expe- 
riments related  in  a  letter  of  mine  inferted  in  your 
former  volume,  [page  317,  iftedit.J  as  well  as  from 
fome  of  your  own  obfervations,  it  appeared  that 
nitrous  air  was  the  vapour  of  the  nitrous  acid, 
probably  combined  with  phlogifton,  or  fome  other 
fubftance  *  ;  to  which  it  owed  its  elafticity,  or  aerial 
form,  and  from  which  it  was  feparable  by  the  ad- 
mixture of  atmofpherical  air.  If  fixed  air  be  funply 
the  vapour  of  the  mephitic  acid,  the  tafK  of  thus  con- 
denfing  or  concentrating  it  becomes  defperate.  But  it 
may  poffibly  be  united  with  fome  volatiliftng  principle^ 
to  which  it  may  owe  its  elafticity,  and  its  being  fo 
fparingly  foluble  in  water.  Purfuing  this  idea,  I  fore- 
fee  many  refources  which  chemiftry  affords  us,  for 
accomplilhing  this  purpofe.    As  I  have  not,  however, 

*  The  union  of  this  principle  with  the  nitrous  acid  in  nitrous  air,  is 
fo  ftrift,  that  the  latter  may  be  long  and  forcibly  agitated  in  a  phial, 
not  only  with  water,  but  even  with  alcaline  folutions,  or  lime-water, 
without  being  dc-compoundei.  But  on  holding  the  phi.il  in  an  inverted 
fituation,  fo  as  to  fuffer  bubbles  of  atmofpherical  air  fucceflively  to  en- 
ter, the  decompofuion  eich  time  vifibly  takes  place  ;  and  the  rcdnefs 
and  eftervefcence  appear  on  every  frcfh  admiflion,  till  the  whole  of 
the  nitrous  acid,  hereby  diflodged  from  the  other  principle,  has  beeu 
combined  with  the  included  alcali  or  earth. 
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had  time  to  realife  any  of  them,  I  lliall  not  enlarge 
this  Effay  with  any  of  my  various  fpeculations  on 
this  fubje<Sl. 

I  am,  &c.  Wm.  Bewly, 

See  Mr.  Bewly's  third  Letter^  No.  VI. 

.NUMBER      II. 

A  Letter  frmn  Dr.  Percival,  F.R.S.  and  S.A, 
to  the  Rev.  Dr.  Priestley,  on  the  Soliiticn  of 
Stones  of  the  Urinary  and  of  the  Gall  Bladder^ 
hy  impregnating  f^ater  with  Fixed  Air. 

Manchefter,  June  i,  »775. 
Dear  Sir, 

I  flatter  myfelf  that  fixed  air  is  now  become  aft 
bbjedl:  of  the  attention  of  phyficians  ;  as  it  has  beei^ 
fully  fhewn  that  it  is  capable  of  being  applied  to  many 
important  medicinal  purpofes.  In  ■pulmonic  difordersy 
the  gangrenous  fore  throat,  and  \n  malignant  fevers,  the 
happieft  efFeils  have  been  experienced' from  the  ufe  of 
it ;  and  I  know  not  a  more  powerful  remedy  (or  foul 
ulcers,  as  it  mitigates  pain,  promotes  a  good  digeftion, 
and  correfts  the  putrid  difpofition  of  the  fluids.  I 
have  related  feveral  cafes,  in  the  Appendix  to  your 
treatife  on  air,  which  evince  the  truth  of  thefe  obfer- 
vations ;  and  fince  the  piiblication  of  that  work,  a 
variety  of  fimilar  fads  have  occurred  to  my  learned 
friend.  Dr.  Dobfon,  in  his  hQfpitalr-pra6l:ice  ^t  Li- 
verpool. 

But  I  have  a  farther  and  very  interefling  difcovery, 
concerning  the  medicinal  properties  of  this  fpecies  of 
failitious  air,  to  communicate  to  you.  About  the 
end  of  I?ft  year  I  was  informed  that  Dr.  Saunders, 

^  phy- 
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a  phyfician  in  London,  eminent  for  his  knowledge 
of  chemiftry,  had  employed  it  as  a  folvent  of  th6 
human  calculus. 

I  was  ignorant  of  the  manner  in  which  his  trials 
were  condu6led,  and  of  the  fuccefs  which  had  at- 
tended them  :  but  my  curioiity  was  excited ;  the 
acquifition  of  fuch  a  remedy  was  flattering  to  my 
hopes  ;  and  I  engaged  in  the  purfuit  of  it  almoft  with 
as  much  ardour,  as  if  it  had  been  the  philofopher's 
ftone.  I  recollecced  that  Dr.  Black  and  Mr,  Caven- 
difti  have  proved  the  folubility  of  various  earthy 
bodies  in  water,  either  by  abftraiting  from,  or  fuper- 
adding  to  the  fixed  air  which  they  contain  :  and  as 
the  human  calculus  is  diflblved  in  the  former  way  by 
lime-vv'ater  and  the  cauftic  alkali ;  it  appeared  highly 
probable,  that  the  like  effe6l  would  be  produced  on 
the  fame  fubfl:ance  by  the  latter  mode  of  operation. 
Analogy  feemed  favourable  to  the  hypothefis ;  and 
experiment  has  confirmed  it.  I  have  found  by  re- 
peated trials  that  calculi^  extradled  from  different 
fubjecls,  and  varying  in  fize,  figure,  and  texture,  are 
foluble  in  water  impregnated  with  fixed  air  ;  that  this 
menftruum  is  more  powerful  in  its  operation  even 
than  lime-water ;  and  that  though  it  is  inferior  in 
efficacy  to  the  vitriolic  acid,  and  the  cauflic  alcali, 
yet  it  is  more  univerfal  in  its  action  than  either  of 
them.  For  it  is  well  known  (fee  Dr.  Dawfon's 
Experiments,  Medical  Tranfadlions,  vol.  2.  p.  105) 
that  fome  Hones,  which  are  diflblved  by  the  caufl:ic 
alkali,  are  unchanged  by  the  vitriolic  acid,  and  vice 
verfa ;  whereas  the  mephitic  water,  as  far  as  my 
pbfervations  have  reached,  a6ls  upon  every  calculus 
which  is  fufpcnded  in  it.  And  I  have  tried  it  with 
jbofe  which  have  fuffered  no  diminution  of  weight 

from 
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from  the  mevfinm  above-mentioned,  I  do  not  trouble 
you  with  a  detail  of  my  experiments,  becaufe  they 
would  exceed  the  bounds  of  a  letter,  and  I  Ihall  pro- 
bably publifli  them,  with  fuch  remarks  as  they  may 
fuggeft,  on  fome  future  occalion. 
,  But  I  cannot  reftrain  myfelf  from  exprefling  the 
heart-felt  fatisfa6lion  v/hich  I  enjoy  in  the  difcovery 
of  a  new  iithontriptic  medicine,  that  is  at  once  grate- 
ful to  the  palate,  ftrengthening  to  the  fcomach,  and 
falutary  to  the  whole  fyftem.  Lime-water  often  nau- 
feates  the  patient,  deftroys  his  appetite,  and  creates 
the  heart-burn  :  and  the  foap-iey  is  fo  caufdc  and 
acrimonious,  that  it  can  be  taken  only  in  the  fmallell 
quantity  j  frequently  produces  bloody  urine  ;  and  ag- 
c-ravates  the  tortures  which  it  is  intended  to  relieve. 
Both  thefe  remedies  alfo  require  a  very  fcricl  regimen 
of  diet,  and  their  qualities  are  liable  to  be  changed 
either  by  acidities,  or  the  fermentation  of  our  food 
in  the  firft  paffages.  But  the  mephitic  water  may  be 
drunk  in  the  largeft  quantity  without  fatiety  or  incon- 
venience :  it  requires  no  reftriftions  in  diet,  and  its 
medicinal  virtues  will  be  undiminifhed  in  the  ftomach 
or  bowels.  Perhaps  it  may  be  queftioned  whether 
jfixed  air  can  be  conveyed  by  the  ordinary  courfe  of 
circulation  to  the  kidneys  and  bladder  :  In  an  elallic 
ftate  it  certainly  cannot ;  but  diflblved  in  water,  it 
may  pafs  through  the  vafcular  fyftem,  without  crea- 
ting the  leaft  difturbance  or  diforder  -,  and  by  its  diu- 
retic quality,  will  be  powerfully  determined  to  the 
urinary  organs.  So  fl:rong  is  the  relation  that  fubfills 
between  mephitic  air  and  water,  that  they  remain 
firmly  combined,  although  expofed  to  confiderable 
variations  of  heat  and  cold.  You  found  that  it  re- 
quired half  an  hour,  even  when  the  boiling  heat  was 
4  employed, 
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employsd,  to  expel  compleatly  the  fixed  air  from  a 
phiai  of  impregnated  water  ;  and  I  have  obferved  that 
it  has  retained  its  peculiar  flavour  feveral  days,  when 
left  in  a  bafon,  with  a  large  furface  open  to  the  ex- 
ternal air. 

But  to  obtain  more  fatisfactory  evidence  upon  this 
fubjed^,  I  tilled  a  bottle  with  mephitic  water,  and 
placed  it  in  a  heat  of  about  98  degrees  of  Fahrenheit's 
thermometer.  A  bent  glafs  tube,  a  quarter  of  an 
inch  in  diameter,  properly  luted  at  each  end,  formed 
a  communication  between  this  bottle  and  one  of 
lime-water,  to  the  bottom  of  v/hich  it  extended.  An 
inteiiine  m-Otion  foon  enfued ;  air-bubbles  were  flowly 
conveyed  into  the  lime-water ;  and  a  white  preci- 
pitation was  gradually  formicd. 

In  an  hour  and  a  half  the  lime-water  was  become 
turbid ;  but  was  quickly  rendered  quite  milky  by 
blowing  air  into  it  from  the  lungs.  The  mephitic 
vvater  ftill  retained  its  brifk  acidulous  talle ;  and  when 
?.  greater  degree  of  heat  ( 1 08" )  was  applied  to  the  bottle 
which  contained  it,  a  brific  inteftine  motion  was 
renewed. 

As  the  vapour  of  chalk,  and  oil  of  vitriol,  has  been 
found  fo  efficacious  in  correcting  the  Janics^  and 
abating  the  pain  of  foul  ulcers,  when  externally  ap- 
plied, we  may  reafonably  prefume  that  the  internal 
ufe  of  the  fame  remeefy  will  prove  beneficial  in  fimilar 
afFe(5tions  of  the  urinary  pafFages.  Such  complaints 
frequently  occur  in  practice,  and  may  arife  either 
from  calculi  in  the  kidneys  and  bladder ;  from  the  rc- 
cefilon  of  fcorbutic  eruptions,  which  appeared  on  the 
furface  of  the  body  ;  from  the  venereal  diieafe  j  from 
•  ftrains  ;  from  contufions  ;  or  various  other  caufes. 
And  Vy-ater  impregnated  with  fixed  air,  feems  well 
adapted,  byjts  diuretic,  healing,  and  antifeptic  powers, 

to 
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to  wafh  ofF,  and  fweeten  the  acrid  matter,  to  abate 
the  defliixion  on  the  mucous  membrane,  to  contraft 
the  flabby  edges  of  the  ulcers,  and  to  difpofe  them  to 
a  fpeedy  granulation.  If  the  pain,  inflammation, 
and  abforption  of  pus  have  excited  a  hedic  fever,  the 
patient  may  drink  plentifully  of  Seltzer  water,  which 
is  of  a  cooling  quality,  although  it  abounds  with  me- 
phitic  air :  or  a  fmall  quantity  of  Rochelle  fait  may 
be  added  to  the  mineral  water  artificially  prepared. 
Thus  will  the  increafed  a61:ion  of  the  heart  and  arte- 
ries, which  may  arife  from  the  ftimulus  of  the  fixed 
air,  be  entirely  obviated,  without  the  leaft  diminu- 
tion of  its  medicinal  powers.  And  whilft  the  fanc- 
tion  of  experience  is  wanting,  reafon  will  juftify  the 
trial  of  a  remedy,  which  is,  at  once,  fafe,  pleafant, 
and  efiicacious. 

In  ulcers  of  the  kidneys  and  bladder,  the  urine  is 
commonly  high  coloured,  pungent,  and  of  an  offen- 
five  fmell.  To  afcertain  whether  fixed  air  would  cor- 
real thefe  qualities,  I  attempted  the  following  dif- 
agreeable  experiment. 

Repeated  ftreams  of  fixed  air  were  conveyed  into 
three  pints  of  urine,  which  had  been  kept  till  it  was 
become  very  putrid,  and  which  emitted  a  ftrong  vo- 
latile odour.  I  examined  the  fmell  of  it  from  time 
to  time,  whilft  this  procefs  was  carrying  on,  and 
compared  it  with  a  portion  of  the  fame  urine  which 
•was  referved  as  a  fiandard.  The  pungency  of  it  gra- 
dually diminifhed  j  it  acquired  a  brighter  colour,  and 
vv^as  lefs  turbid ;  but  its  putrid  odour  feemed  to  be. 
increafed.  Thefe  obfervations  were  made  in  the 
evening,  and  early  the  next  morning  I  awoke  with 
a  violent  head-ach,  which  was  attended  with  a  vo- 
miting and  a  diarrhoea.  Alarmed  at  thefe  effeits, 
I  which 
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which  I  attributed  to  the  putrid  vapours  of  the  urine, 
I  dropped  the  protecution  of  the  experiment ;  but 
the  fucceeding  day,  Mr.  Thomas  Smith,  a  young' 
gentleman,  who  will  one  day  be  an  ornament  to  the 
profeflion  of  phyfic,  undertook  the  examination  which 
I  had  begun  :  and  after  attentively  comparing  toge- 
ther the  fcandard  and  the  urine  impregnated  with 
fixed  air,  he  found  the  latter  more  ofFenfively  putrid 
than  the  former,  but  without  any  degree  of  pun- 
gency or  volatility.  As  this  experiment  was  not  com- 
pleated,  I  am  uncertain  whether  the  urine  was  fweet- 
ened  by  the  mephiric  air.  But  it  is  evident  that  the 
volatile  alkali,  generated  by  putrefaction,  was  either 
neutralifed,  diihpated,  or  prevented  from  afcending 
by  the  atmofphere  of  fixed  air,  which  filled  die  upper 
part  of  the  veiTel.  Perhaps  this  atmofphere  might 
be  the  -:,  enftruum  of  the  putrid  effluviwn^  ernitted  by 
the  urine,  which  being  then  accumulated,  would  ap- 
pear to  have  its  foetor  increafed.  In  another  work, 
I  have  related  an  experiment  of  Mr,  Henry's  fome- 
what  fimilar  to  this,  and  which  fuggefled  to  him  the 
like  explanation.  A  piece  of  putrid  fle(h  was  fuf- 
pended  twelve  hours  in  a  three-pint  bottle  clofely 
corked,  and  filled  with  fixed  air,  which  had  been 
feparated  from  chalk  by  the  vitriolic  acid.  The  beef 
was  confiderably  fweetened,  but  the  air  in  the  bottle 
was  rendered  intolerably  ofi'enfive. 

The  waters  of  Bath,  in  Somerfetfhire,  have  been 
long  and  juftly  celebrated  for  their  efficacy  in  the 
jaundice,  and  other  hepatic  disorders.  They  abound 
with  fixed  air  ;  and  it  may  be  of  importance  to  afcer- 
tain  whether  they  derive  from  this  aiTtive  principle, 
the  pov/er  of  diiTolving  the  concretions  of  the  bile, 

and 
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and  of  removing  the  obftru<Slions  in  the  liver,  I  was 
induced  therefore  to  try  the  fohibihty  of  gall  ftones  in 
mephitic  water.  But  I  have  yet  only  a  folitary  expe- 
riment on  the  fubjedl  to  offer  to  you.  A  gall  fcone, 
that  had  been  extracted  from  a  tumour  in  the  region 
of  the  liver,  was  divided  into  tv/o  parts.  One  of 
thefe,  which  vvciglied  fifty-one  grains  and  a  half,  was 
immerfed  four  days  in  rain  water,  Itrongly  impreg- 
nated with  fixed  air.  The  other  weighed  twenty 
grains  and  a  quarter,  and  was  macerated  in  fmiple 
rain-water  during  the  fame  fpace  of  time.  The  firfl 
fragment,  when  carefully  dried,  was  become  heavier 
by  one  grain,  having  gajned  fo  much  from  the  fixed 
air.  In  texture  and  appearance  it  remained  un- 
changed. The  fecond  fragment  had  loft  one  eighth 
of  a  grain. 

I  mean  not  to  draw  any  decifive  inference  from  a 
fmgle  experiment.  But  it  is  probable  that  the  Bath 
waters  refolve  concretions  of  the  bile,  not  fo  much 
by  a  chemical  operation,  as  by  accelerating  the  fecre- 
tions  of  the  liver,  Simulating  the  organs  of  digeliion, 
and  invigorating  the  whole  anim.al  fyft-^m.  Nature 
indeed  obfervcs  a  peculiar  oeconom.y  in  the  circulation 
of  the  blood  through  the  liver  ;  and  as  the  bile  is  one 
of  her  moll  elaborate  fluids,  it  mull  be  difficult  to 
introduce  a  foreign  and  unaffimilated  fubilance  into  it. 
From  analogy,  however,  we  may  conclude,  that  this 
is  not  impracticable.  The  milk  and  the  faliva  are 
frequently  impregnated  Vv'ith  adventitious  matters ; 
and  thefe  animal  liquors,  like  the  bile,  are  fecreted 
by  organs  of  a  particular  llruclurc,  and  for  determi- 
nate and  important  purpofes.  A  remedy  which  would 
pafs  unchanged  into  the  fyllem  of  the  liver,  and  me- 
dicate 


The  appendix.  367 

dicate  the  bile,  fo  as  to  render  it  unapt  to  coagulate, 
or  enable  it  to  refolve  the  concretions  already  formed, 
would  be  a  moft  valuable  acquifition  *  ;  and  the  ob- 
ftacles  to  the  attainment  of  it  fhould  rather  be  re- 
garded as  incitements  to  our  induftry,  than  apologies 
for  fupinenefs  and  defpair.  Such,  it  muft  be  ac- 
knowledged, they  have  proved ;  as  appears  from  the 
variety  of  diiToIvents  which  have  been  propofed  and 
tried.  Acids,  alicaiies,  foap,  ardent  and  dulcified 
fpirits,  with  frefti  vegetable  juices,  have  been  recom- 
mended. Valifnerius  found  that  a  compolition  of 
alcohol  and  oil  of  turpentine  deftroyed  the  textur* 
and  cohefion  of  gall  flones,  more  perfedly  than  any 
other  menflruwn  f  ;  and  Mr.  William  White  of 
York  has  fully  confirmed  this  obfervation,  by  a  num- 
ber of  judicious  experiments  which  he  has  commu- 
nicated to  me.  Some  time  ago  I  thought  favourably 
of  this  remedy,  and  endeavoured  to  promote  the  trial 
of  it  J  ;  but  farther  reflection  has  convinced  me,  that 
the  continued  ufe  of  it  is  more  likely  to  prove  inju- 
rious than  beneficial.  Spirituous  liquors,  of  all  forts, 
have  a  peculiarly  unfavourable  operation  on  the  liver ; 
and  it  would  be  abfard  to  feek  a  fpecific  medicine  for 
the  difeafes  of  the  bile,  in  what  experience  has  fatally 
fliewn  to  be  a  fpcdfic  poifon  to  the  organ  which  fccretes 
it.  Perhaps  fixed  air,  under  fome  form  or  other, 
may  hereafter  be  found  to  be  the  clcfidcraturn,  which 
we  have  been  fo  long  purfuing.  At  leaft,  we  may 
be  allowed  to  attribute  fome  diare  of  the  virtues  which 
the  Bath  waters  poilefs,  to  this  ingredient  in  their 
compofition ;  and  when  they  cannot  be  employed,  to 

*  Vide  Medical  Tranfaflions,  vol.  2.  p.  i6c. 
•^  Opcre,  torn,  3.  p.  6. 

1  EflViys  Medical  and  Exp<-T:ment«il,  vol.  2.  y..  232. 

rccom- 
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recommend  the  mephific  water,  as  an  innocent  and 
efficacious  fubftitute. 

I  am,  with  fincere  refpect  and  efteem. 
Dear  Sir, 
Your  moft  faithful  and  affeiSionate  friend, 

Tho.  Percival. 

P.  S.  Since  this  letter  was  written,  the  young  gen- 
tleman, whofe  name  I  have  before  mentioned  with 
refpeft,  has  at  my  defire  taken  large  quantities  of 
mephitic  water  daily,  during  the  fpace  of  a  fortnight. 
His  urine  became  impregnated  with  fixed  air,  preci- 
pitated lime-water,  and  proved  a  powerful  diflblvent 
of  the  calculi,  which  were  immerfed  in  it. 

Dr.  Saunders,  to  whom  I  have  communicated  my 
obfervations  on  the  folution  of  human  calculi  by  me- 
phitic water,  has  lately  favoured  me  with  a  general 
account  of  his  difcoveries  on  this  fubjeft.  There  is  a 
perfedl:  agreement  in  the  refult  of  our' experiments, 
and  we  propofe  to  publifh  them  together. 


N  U  M- 
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NUMBER     III. 

A  Letter  from  Dr.  Dob  son  of  Liverpool  td 
Dr.  Priestley  ;  with  Cafes  of  the  Efficacy  of 
Fixed  Air  in  putrid  Diforders. 

Liverpool,  March  29,  1775. 
Dear  Sir, 

My  friend  Dr.  Percival  has  lately  informed  me, 
that  you  are  about  to'publifh  a  fupplement  to  your 
valuable  work  on  fixed  air. 

The  gentlemen  of  the  faculty  have  not  given  that 
attention  to  the  medical  ufes  of  fixed  air,  which  I 
think  it  merits  :  and  a  late  medical  writer,  (vide  Dr. 
Lettfom's  Medical  Memoirs  of  the  Gener.  Difpenf. 
p.  334. )  doubts  whether  fixed  air  has  any  real  efficacy 
even  in  difeafes  of  a  putrid  clafs.  I  have  tranfcribed 
therefore  four  cafes  from  a  numberof  others,  which  are 
much  at  your  fervice.  If  they  are  too  late,  or  do  not 
coincide  with  the  intention  of  your  prefent  publica- 
tion, pleafe  to  return  them,  that  they  may  be  joined 
with  fome  other  cafes  and  pra6lical  obfervations, 
which  I  (hall  give  to  the  public  as  foon  as  I  have 
time  to  tranfcribe  them. 

That  Dr.  Priefiley  may  long  enjoy  health,  and  the 
world  reap  the  fraits  of  his  philofophical  labours, 
are  the  fincere  wi flies  of  his 

Refpedful  and  obedient  fervant, 
Matt.  Dobson. 

B  b  Of 
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Of  the  Efficacy  of  Fixed  Air  in  Fevers  of  tbt 
putrid  Clafs, 

Putrid  fevers  rarely  acquire  any  great  degree  of 
malignancy  in  Liverpool,  or  its  neighbourhood  ;  and 
wlien  they  do  appear,  it  is  generally  among  the  lower 
ranks  of  people.  A  fever  of  this  kind  crept  into  our 
public  hofpital  in  the  fpring  of  the  year  1773,  and 
a  confiderable  number  were  infeded. 

The  following  hiftories  are  tranfcribed  from  the 
notes,  which  were  taken  during  my  attendance  ou 
the  refpeitive  patients. 

HiJUry  I. 

Mary  Rainford,  about  15  years  of  age,  was  ad- 
mitted into  the  hofpital  on  account  of  convulfions  ; 
Ihe  was  fubje^l  likewife  every  three  or  four  weeks  to 
vomit  large  quantities  of  blood,  and  was  much  en- 
feebled by  thefe  complaints  at  the. time  of  her  being 
feifed  with  the  fever. 

She  firft  complained  of  pain  and  weight  in  the  head, 
pain  in  the  limbs  and  back,  and  a  great  degree  of 
languor  and  deje<5lion  ;  fhe  had  frequent  chills,  alter- 
nating with  flulhes  of  heat,  and  got  very  little  reft. 
The  tartar  emetic  was  twice  given,  and  operated  eafily 
and  powerfully  by  vomit ;  a  blifter  was  applied  be- 
tween the  Ihoulders ;  and  a  dofe  of  the  following 
•mixture  was  ordered  to  be  taken  every  three  hours. 

R  Sf, 
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jfe.   Sp.  Alinderer.   %'viiji 

Saab.  Alb.  ^iij. 

Sp.  Lav.  co/fu  ^/s.  M.  Cap.  Cocb.  ij.  maj. 
tertia  quaque  bora. 

She  l\ad  for  common  drink  lemonade,  with  fvveet 
tnountain,  or  barley-water  well  acidulated  ;  the  body 
Vvas  kept  foluble  either  by  clyilers,  or  fome  gentle 
purgative,  and  the  room  was  well  aired  by  opening 
the  door  and  windows.  But  notv.'ithftanding  the 
ileady  ufe  of  thefe  means,  the  fever  became  more  and 
more  untoward,  and  was  on  the  fixth  day  accom- 
panied with  fuch  dangerous  fymptoms,  as  made  it 
necefTary  to  adopt  fome  other  method.  The  eyes 
were  heavy,  the  conjunctiva  red,  large  petechise 
fpread  over  different  parts  of  the  body,  the  tongue 
was  covered  with  a  brown  fur,  and  the  teeth  with  a 
fur  of  a  blackirti  colour ;  fne  was  very  feeble,  got  no 
fleep,  and  was  frequently  delirious,  efpecially  in  the 
night.  Hitherto  the  flate  of  the  pulfe  had  been  about 
120,  now  it  VN^as  135,   and  very  weak. 

Fixed  air  was  now  direded  in  the  following  manner. 

R.  Sr.L  Tartar.  9;. 
Aq.  Fontan.    ^  i3  . 

Saccb.  Alhi  "^j^  M.  Sumetid.  cum  Sacc.  Limon.    5^j 
incjp'iente  ebullitione  ;  et  ornni  hora  repetcnd^ 

From  the  time  (lie  entered  upon  this  plan,  the 
fymptoms  were  more  favourable,  (he  took  no  other 
medicine,  and  was  out  of  danger  in  four  days. 


B  b  2  Hijiary 
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Hijlory  II. 

Alice  Rigby  was  received  into  the  hofpital  for  a' 
fore  leg,  and  during  her  ftay  was  attacked  with  the 
fever  of  the  houfe.  The  progrefs  and  treatment  of 
the  difeafe  for  the  firfl  week,  were  nearly  the  fame 
as  in  the  preceding  cafe.  On  the  feventh  day  fhe  was 
extremely  weak,  got  no  reft  :  there  were  large  pete- 
chiae  on  many  parts  of  the  body,  the  brain  was  much 
affedted,  pulfe  125,  and  the  tongue  little  differing 
from  its  natural  appearance. 

Fixed  air  was  now  adminiftered  in  the  fame  man- 
ner as  to  the  former  patient. — The  petechiae  foon 
began  to  difappear,  Ihe  got  ftrength,  the  pulfe  became 
fuller  and  flower,  and  the  fever  was  fubdued  in  fix 
days  by  the  ufe  of  this  medicine  alone.  The  bark 
was  at  this  time  ordered,  as  an  additional  fecurity 
againft  a  relapfe. 

Hipry  III. 

March  20.  A  confultation  was  defired  for  Ann 
Knowles,  who  had  been  in  the  hofpital  for  a  con- 
liderable  time,  and  was  much  reduced  by  a  long 
continued  rheumatifm  at  the  time  flie  was  attacked 
■with  tjie  fever.  This  was  the  feventh  day  of  the 
difeafe ;  and  though  flie  had  been  very  judicioufly 
treated  by  the  gentleman  under  whofe  care  flie  had 
been  at  firft  admitted,  the  fever  grew  daily  worfe, 
and  was  now  accompanied  with  many  dangerous 
fymptoms. 

lob- 
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I  obferved  an  extreme  languor  and  dejetSlion ;  the 
eyes  heavy,  the  eye-lids  half  clofed,  and  the  con- 
junctiva inflamed.  There  was  a  ftupor,  with  a  mut- 
tering kind  of  delirium,  and  a  continual  tolfing  and 
moaning.  The  pulfe  very  weak  and  very  frequent, 
more  than  140  in  a  minute;  the  tongue  moifl  and 
clear,  and  not  altered  from  its.  natural  appearance, 
except  that  it  was  of  a  deep  red.  The  whole  body 
was  covered  with  fmall  petechiae  ;  fhe  had  frequent 
ftools,  which  were  extremely  offenfive,  and  her  little 
remains  of  ftrength  were  every  hour  ftill  more  and 
more  exhaufted. 

It  was  agreed,  that  fhe  fliould  take  the  fixed  air  in 
the  fame  way  as  I  had  ordered  it  for  the  two  preceding 
patients. 

March  2 1 .  The  good  effeiSls  of  this  medicine  were 
evident,  though  the  fymptoms  were  flill  urgent  and 
alarming  :  the  flools  lefs  frequent,  but  ofFenfive  :  the 
pulfe  130,  and  not  fo  languid  :  in  other  refpe6ls  the 
patient  was  not  much  altered. 

23.  The  petechiae  difappearing,  the  loofenefs  di- 
miniflied,  and  the  ftools  much  lefs  ofFenfive ;  pulfe 
no,  fleeps  and  gets  flrength.  The  medicine  was- 
now  to  be  given  only  every  four  hours. 

24.  Stronger  and  better,  pulfe  100,  head  much 
clearer,  and  the  tongue  has  more  of  its  natural  red. 

26.  Pulfe  85  j  and  from  this  time  the  fever  entirely 
left  her.  She  took  no  other  medicine,  and  had  no 
relapfe. 

I  have  directed  fixed  air  both  in  hofpital  and  pri- 
vate praclice  for  a  variety  of  patients,  in  difeafes  ac- 
companied with  fymptoms  of  putrefaction,  and  with 
fuccefs.  It  would  be  fuperfluous  to  enter  into  a  fur- 
ther detail  of  particular  hirtories.  The  following  ac- 
B  b  3  count, 
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count,  however,  of  the  happy  effeiSls  of  fixed  air  iri 
the  fecond  fever  of  the  frnall  pox,  is  fo  ftriking  4 
proof  of  its  efficacy  in  difeafes  of  the  putrid  clafs, 
that  I  muft  tranfcribe  it. 

Hipry  IV, 

Ann  Forbes,  fervant  to  Mr-  Hume  of  York-ftreet, 
Liverpool,  had  the  confluent  fmall  pox  in  Auguft 
1773.  The  weather  was  extremely  hot,  and  the 
fymptoms  fo  very  unfavourable,  that  there  did  not 
appear  the  moft  diftant  hope  of  her  recovery.  Par- 
ticular care  was  taken  to  have  a  conftant  fupply  of 
-frefh  air,  and  the  antiphldgiftic  treatment  was  ftr!61:Iy 
purfaed  during  the  inflammatory  fever.  The  difeafe 
was  now  advancing  into  the  putrid  flage,  and  thd 
fecond  fever  comm.enced  with  little  or  no  appearance 
of  fuppuration. 

Notwithftanding  every  precaution  with  refpedl  to 
the  free  accefs  of  air,  change  of  linnen,  and  every 
circumftance  of  cleanlinefs,  the  unlimited  ufe  of 
oranges,  lemonade,  and  wine  negus,  this  poor  crea-- 
ture  was  the  moft  miferable  objedi  I  ever  beheld, 
{she  became  extremely  offenuve,  and  had  the  appear- 
ance of  one  continued  m.afs  of  putrid  ichor  :  the 
pulfe  fmall  and  rapid,  and  fhe  had  a  conftant  reilleli- 
jiefs  with  inexpreflible  anxiety. 

A  purgative  was  direfted,  and  a  glafs  of  fweet 
mountain  after  every  ftool.  The  fymptoms,  how- 
ever, became  more  and  more  alarming,  the  offcn- 
fivenefs  was  almoft  intolerable,  and  fhe  was  fre- 
quently fick,  agitated,  trembling,  and  like  one  about 
to  expire.     In  this  urgent  fituation,  I  determined  to 
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try  the  efTecls  of  fixed  air,  and  it  was  given  in  the 
manner  already  mentioned. 

The  nurfe  and  attendants  foon  obferved  an  agree- 
able change.  In  24  hours,  the  putrid  ftench  was 
much  diminifhed,  the  breath  of  the  patient  was  not 
near  fo  ofFenfive,  and  the  room  was  very  tolerable 
compared  with  what  it  had  hitherto  been.  She  was 
cooler,  had  lefs  anxiety,  and  the  pulfe  became  fuller 
and  flower.  In  two  days  more,  the  was  ftill  much- 
better  :  and  by  repeating  the  purgative,  giving  wine 
occafionally,  and  perfevering  in  the  ufe  of  the  fixed 
air,  her  recovery  was  furprizingly  fpeedy  and  perfed, 

NUMBER    IV. 

ExtraSi  of  a  Letter  from  John  Warren,  M.J}, 
of  Taunton,  to  Dr.  Priestley,  with  a  me- 
dical Cafe,  proving  the  Ufe  of  Clyfiers  of  Fixei> 
Air  in  a  putrid  Difeafe. 

Taunton,  06t.  3,  1775. 
Sir,  / 

In  compliance  with  your  requeft,  I  have  done 
jnyfelf  the  honour  of  fending  you  an  account  of  a 
medical  cafe,  in  which  the  application  of  fixed  air 
proved  fo  remarkably  fuccefsful,  as  to  leave  no 
room  to  doubt  of  the  great  advantages  the  medicai 
world  might  derive  from  its  ufe,  in  putrid  difeafes 
of  the  worft  and  moft  formidable  fpecies. 

I   have  for  many  years  paft  been  ftrongly  prepof- 

fefied  in  favour  of  the  utility  of  fixed  air  in  certain 
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medical  cafes,  from  its  peculiar  virtue  verified  by  Dr. 
Macbride's  experiments,  in  fweetening  putrid  flefh, 
and  reftoring  to  it  that  texture,  which  it  muft  of 
courfe  have  loll  by  undergoing  fuch  a  change ;  nor 
have  I,  in  the  pradice  of  my  profeffion,  found  my- 
felf  difappointed  of  the  advantages  which  I  flattered 
myfelf  from  theory,  might  be  derived  from  its  ufe. 

I  have  latterly  employed  it  in  almofl  every  putrid 
cafe  that  offered ;  and  though  I  am  by  no  means  fo 
partial  to  its  virtues,  as  to  attribute  the  whole  merit 
of  a  recovery  to  it  alone,  when  probably  other  medi- 
cines, with  which  it  was  joined,  were  alfo  entitled  to 
their  (hare,  yet  I  am  thoroughly  convinced,  that  the 
fuccefs  I  have  met  with,  in  the  treatment  of  putrid 
diforders,  is,  in  a  great  meafure,  to  be  afcribed  to  the 
large  quantities  of  this  fluid  which  I  have  conftantly 
enjoined  my  patients  to  make  ufe  of. 

Various  have  been  the  modes  which  I  have  adopted 
for  introducing  it  into  the  fyftem — I  order  it  frequently 
to  be  given  by  clyfter,  fometimes  to  be  inhaled  by 
the  mouth  (particularly  in  ulcerated  fore-throats  with 
the  greateft  advantage)  and  it  is  with  the  fame  view 
alfo  of  corre6ling  putrefaction,  that  the  common 
drinks,  which  I  allow  my  patients,  are  almoft  all  of 
tliem  impregnated  with  this  fpecies  of  air,  as  Pyrmont 
water,  brifli  fmall  beer,  currant  wine,  and  the  like. 

I  would  beg  leave  here  to  fubjoin  a  pradice  I  have 
for  fome  time  pail:  found  produdive  of  the  mofl:  be- 
neficial confequences  in  the  treatment  of  putrid  di- 
fcafes  in  children — It  is  commonly  known,  that  phyfic 
of  every  kind  is  to  them  peculiarly  obnoxious,  and 
thoufands  annually  fall  a  facrifice  to  diforders  from 
a  mere  antipathy  to  it.  Therefore,  whenever  I  per- 
ceive a  child  utterly  averfe  to  take  medicine,  i^  the 

Peru- 
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Peruvian  bark  is  proper,  I  give  it  by  clyfter,  and 
order  the  milk  (its  beft  and  moft  common  vehicle 
when  given  in  this  manner)  to  be  as  thoroughly  im- 
pregnated with  fixed  air  as  poffible. 

I  have  the  honour  to  fubfcribe  myfelf. 

Sir, 

Your  very  obedient  ferv'ant, 

John  Warren. 

The  Medical  Cafe. 

Mr.  C ,  aged  23,  a  gentleman  of  great  tem- 
perance, and  of  a  good  conftitution,  laboured  under 
an  irregular  nervous  fever  for  the  fpace  of  ten  v^eeks, 
attended  for  the  moft  part  with  delirium,  and  almoft 
conftant  watchfulnefs. 

At  the  expiration  of  this  period,  fymptoms  of  pu- 
tridity began  to  make  their  appearance,  feemingly 
however  more  owing  to  emaciation,  and  to  the  long 
continuance  of  his  difeafe,  than  to  any  original  con- 
tagionr  The  Peruvian  bark  had  from  time  to  time, 
particularly  during  the  latter  ftages  of  his  illnefs,  been 
adminiftered  to  him,  which,  on  the  appearance  of 
putrefactive  fymptoms,  was  increafed  to  the  quantity 
of  two  fcruples,  given  in  the  form  of  a  bolus,  with 
thirty  drops  of  elixir  of  vitriol,  every  two  hours. 
Everything  he  drank  was  acidulated  with  the  juice 
of  lemons  or  oranges,  and  his  common  liquor  was 
Port  wine  mixed  with  Pyrmont  water.  This  courfe 
was  perfifted  in  for  fome  days,  the  putrid  complaints 

however 
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however  increafed,  and  fo  great  was  the  fcetor  emitted 
with  his  breath,  and  arifing  from  his  body,  that  not- 
■withftanding  his  being  fupplied  v*rith  a  conilant  fuc- 
ceffion  of  frefh  air,  and  though  large  quantities  of 
vinegar,  lavender-water,  and  rue,  with  other  odo- 
riferous fubftances,  were  conftantly  made  ufe  of  to 
purify  his  room,  yet  all  were  found  perfedly  inef- 
fc6tual.  His  ftools,  which  at  this  period  confilled  of 
Jittle  elfe  than  putrid  blood,  and  which  came  from 
him  in  great  abundance  (in  the  whole  to  the  amount 
of  many  pounds)  were  abfolutely  intolerable,  nor 
was  it  without  much  difficulty  that  the  nurfes  could 
be  induced  to  remain  any  longer  near  him. 

Univerfal  languors,  with  almoft  total  infenfibility, 
now  fupervened  :    an   earthy  coldnefs  difFufed  itfelf 
through  every  part  of  his  body,  nor  were  the  hotteft 
fomentations,    though  continued   three  hours  toge- 
ther,    capable    of  procuring    him    any   degree    of 
warmth. — Every  breath  he  drew  feemed  to  be  his 
lafl:. —  In  this   deplorable  fituation  he   continued   a 
whole  day,  his  bolufes  were  omitted  through  necef- 
•fity,  and  with  difficulty  we  could,  from  time  to  time^ 
get  him   to  fwallow  a  few  fpoonfuls  of  fome  warm 
cordial  medicine ;  v/hich,  however,  by  continually  re- 
peating, began  at  length,  in  fome  degree,  a  little,  to 
revive  him. 

I  now  ordered  him  clyfters  of  fixed  air,'^  of  which 
a.  large  bladder  full,  containing  near  two  quarts  of 
air,  was  every  three  or  four  hours  injefled,  and  his 
bark,  bqlufes  were  again  given  to  him,  as  often  as  his 
ftomach  would  allow  him  to  take  them.  In  the  fpaoe 
of  eighteen  hours,  the  cadaverous  foetor  arifing  from 
him,  began  to  abate ;  large  vibices,  or  putrid  blotches^ 
wtre  now,  for  the  hrft  time,  difcovered  on  almoft 
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every  part  of  his  body,  his  pqlfe  howdver  was  better, 
and  his  warmth  in  Ibme  little  degree  returned  ;  the 
bolufes  and  clyfters  were  ordered  to  be  continued. 
In  four  or  live  days  the  noifome  fmell  became  im- 
perceptible, the  vibices  gradually  diminilhed,  and  his 
fever  left  him.  He  is  now  perfedly  recovered,  and 
a  living  miracle  of  what  fixed  air,  under  Divine  Pro- 
vidence, is  capable  of  effecting  on  the  human  oeco- 
nomy,  in  cafes  of  the  worft  and  mofl  putrefadtiv^ 
nature. 

John  Warren,' 

NUMBER     V. 

j/1  Letter  from  Mr.  Magellan  to  Dr,  Priest'^ 
hEY^ontheSubje^  ^/DephlogisticatedAir, 

Dear  Sir, 

Among  tlie  many  Important  difcoveries  for  which 
the  philcfophical  world  is  indebted  to  you,  chiefly  in 
that  new  and  exteniive  branch  of  natural  knowledge 
rcfpedling  diffomt  khuh  of  air,  a  very  flriking  one  is 
the  exhibiting,  in  the  form  of  this  fluid,  many  folid 
bodies,  and  m.ofi:  of  the  known  acids.  It  is  with  the 
mofl:  pleafmg  aftoniflnnent  that  I  have  always  beheld 
that  experiment,  by  which  any  unprejudiced  mind 
muft  be  convinced,  that  atmofpherical  air,  even  the 
piirefl:,  and  the  fittcft  for  animal  refpiration,  is  pro- 
duced by  heat  from  a  m.ixture  of  nitrous  acid  with 
any  dephlogiflicated  earth,  as  red  lead,  chalky  &c. 
For,  after  having  extracted  from  this  mixture  all  the 
air  that  fire  can  expel,  which  is  a  prodigious  quan- 
tity,  when  you  repeatedly  add  frelh  nitrous-acid  to 
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the  refiduum,  you  get  a  frefh  quantity  of  this  purefl 
air,  till  all  the  earthy  fubftance  difappears. 

This,  however,  being  a  very  tedious  procefs, 
when  carried  on  with  the  mofk  fcrupulous  attention, 
it  came  to  my  mind,  that  it  would  be  fufRcient  to  ex- 
amine at  the  end  of  the  firft  procefs,  whether  the  re- 
fiduum from  the  above  mixture  contained  any  part  of 
the  nitrous  acid  which  had  been  put  to  it.  To  clear 
up  this  doubt,  I  kept  for  that  purpofe,  with  your  ap- 
probation, the  very  fame  refiduum  of  that  procefs  of 
the  kind  which  we  made  a  few  days  ago,  to  fliew  this 
wonderful  kind  of  air  to  his  Highnefs  Prince  OrlofF, 
and  Vv'ith  it  I  made  the  following  experiments. 

I  put  into  a  large  phial  a  weak  blue  tindlure  of  ar- 
chil, and  after  mixing  it  well,  I  poured  two  thirds  of 
it  into  two  fmaller  phials,  in  one  of  which  I  put  a 
good  quantity  of  the  faid  refiduum,  and  into  the  other 
as  much  of  the  dried  mixture  of  red  lead,  with  ni- 
trous acid.  The  blue  colour  of  this  laft  phial  difap- 
peared  in  a  few  feconds,  leaving  the  liquor  almoft  lim- 
pid and  tranfparent ;  but  the  other  tindure,  with  the 
refiduum  out  of  which  the  air  had  been  expelled, 
jfhewed  no  change  of  colour,  when  compared  with 
the  remaining  quantity  of  the  tindure  left  in  the  large 
veffel. 

I  repeated  this  morning  the  fame  experiment  with 
the  tin6lure  of  turnefole,  and  found  the  fame  eifedt, 
with  this  only  difference,  that  the  tindure  turned  red- 
dilh  in  the  glafs,  which  contained  the  dried  mixture 
of  red  lead  with  nitrous  acid,  whilft  the  other  kept 
its  blue  colour. 

This 
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This  feems  to  evince,  with  the  greatefl:  certain- 
ty, that  the  nitrous  acid  in  this  experiment  is  en- 
tirely fet  free  by  the  adlion  of  the  fire,  in  the  form 
of  air,  and  being  at  the  fame  time  combined  with  fome 
part  of  the  earthy  matter,  becomes  refpirable  air. 
It  is  remarkable  that  this  air  has  no  acid  in  it,  as  may 
be  concluded  from  the  effe£l  of  fhaking  it  witli  t]ie 
above  tincture  in  a  phial,  which  I  did  :  for  it  does 
not  change  the  blue  colour  ;  whereas  if  the  fame  ope- 
ration is  made  with  fixed  air,  it  is  changed  almoll: 
inftantaneoufly- into  a  very  decided  redd ilh  colour,  as 
is  well  known. 

Now  fince  the  air  produced  from  the  mixture  of 
earth  with  nitrous  acid,  not  only  does  not  difcover 
the  leaft  acidity,  but  proves  to  be  the  pureft  and  the 
moft  wholfome  for  animal  refpiration,  it  plainly  de- 
monftrates  that  either  air  is  not  an  element^  or  acid  is 
not  one,  as  fome  chufe  to  aflert ;  fince  nitrous  acid 
is  reduced  into  air,  together  with  the  earth,  in  the  a- 
bove  experiment,  without  leaving  behind  any  acidity 
to  impart  it  to  the  air  which  comes  out  fi-om  it. 
As  to  myfelf,  I  fhould  rather  think  there  is  a  tranf- 
mutation  of  elements  into  one  another,  if  fuch  name 
may  be  ufed  in  this  cafe ;  for  we  fee  by  the  above 
experiment,  that  acid  and  earth  are  tranfmuted  in- 
to air,  and  by  the  experiments  of  Mr.  Godfrey^  pub- 
lifiied  in  1747,  it  feems  that  water  is  convertible  into 
earth. 

If  you  think  the  above  may  be  any  elucidation  or 
confirmation  of  your  experiments  on  this  fubjeiSt,  you 
are  at  liberty  to  make  what  ufe  of  them  you  pleafe. 

Dear  Sir,  Yours,  &c. 

London,  20th  Nov,  J.  H.  De  Magellan". 

1775-  4 
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Air.  Bewly'j  third  Letter  to  Dr.  Priestley^ 
containing  farther  Experiments  and  Obferva' 
tions  on  the  mephitic  Acid,  Seep,  ^'^j^  ^c* 

Sir, 

On  perufihg  fome  of  the  firfl  fheets  of  your  new 
volume,  which  you  have  been  fo  obliging  as  to  tranf- 
mit  to  me,  together  with  a  few  pages  of  a  treatife  juft 
publiftied  by  Sig.  Landriani  of  Milan  *,  relative  to 
the  fubjeft  of  my  former  letters  ;  I  hnd  that  fome  of 
the  foreign  philofophers,  who  acknowledge  the  exift- 
ence  of  an  acid  in  fixed  air,  confider  it  only  as  an  ex- 
trinlical  principle  furni(hed  by  the  particular  acid  that 
has  been  ufed  in  the  procefs  for  procuring  it,  Sig. 
Landriani,  in  particular,  who,  from  the  fpeci- 
men  which  you  have  fent  me  of  his  work,  appears  to 
be  a  very  intelligent  and  accurate  inquirer,  there  af- 
firms, that  the  fixed  air  expelled  from  chalk  by  the 
njitrioUc  acid,  and  received  into  an  inverted  phial 
plunged  in  mercury,  produces,  on  the  admixture  of 
alcaline  air,  cryflals  of  vitriolic  ammoniac  ;  and  that 
Vvhen  the  nitrous  acid  has  been  employed,  a  nitrous 
ammoniac  is  formed,  which  deflagrates  v/ithout  the 
addition  of  any  phlogiftic  matter. 

The  fame  philofopher  affirms  (with  a  view  to  fhew 
that  the  acid  in  fixed  air  is  only  a  modification  of  the 
particular  acid  employed  in  generating  it)  that  a  given 

*  Intitled,  Riccrche  Fifiche  intsrno  aUaJalubritu  dJl'Ariat 
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quantity  of  the  infalion  of  turnefole,  which  will  be 
changed  red  by  a  certain  quantity  of  fixed  air  expelled 
from  chalk,  by  the  ftrong  vitriolic  acid,  will  not  have 
it's  colour  altered  by  an  equal  quantity  of  fixed  air 
procured  by  a  weak,  vegetable  acid,  as  that  of  lemons. 
He  further  afTerts,  that  fixed  air  betrays,  even  by  it's 
fmell,  and  by  the  flavour  which  it  imparts  to  the  wa- 
ter faturated  with  it,  the  particular  acid  to  which  it 
owes  it's  acidity.  He  particularifes  the  fixed  air  ex- 
pelled from  chalk  by  the  nitrous  acid,  and  that  ex- 
pelled by  the  juice  of  lemons  ;  obferving,  that  the 
particular  fmells  and  flavours  of  thefe  two  acids  may 
be  diflindlly  perceived  in  the  fixed  air  refpedtively  pro- 
cured by  them,  as  well  as  in  the  water  impregnated 
with  them. 

In  thefe  particulars  I  apprehend  that  Sig.  Lan- 
driani  has  been  deceived  by  appearances,  and  particu- 
larly by  attributing  to  fixed  air,  in  general,  the  attri- 
butes of  fixed  air  accidentally  fophijlicated  by  foreign 
admixtures.  This  fluid  undoubtedly,  like  all  other 
fluids,  is  liable  to  receive  taints  or  impregnations 
from  any  fubflances  capable  of  being  elevated  into  va- 
pour, and  of  being  diflblved  or  fufpended  in  it.  The 
hypothefis  maintained  by  him  and  by  other  philofo- 
phers  on  the  continent,  with  refpect  to  the  foreign 
or  adventitious  origin  of  the  acid  in  fixed  air,  very 
naturally  occurred  to  myfelf  at  the  begiiming  of  this 
inquiry  :  but  the  experiments  and  obfer\'ations  con- 
tained in  my  two  former  letters,  as  well  as  others  which 
I  fupprefled,  obliged  me  to  renounce  it,  and  to  con- 
fider  fixed  air  as  an  original  acid,  which  does  not 
owe  it's  acidity,  much  lefs  it's  exifience,  to  any  of  the 
acids,  or  other  media,  which  are  employed  in  ge- 
nerating it.     I  could  not  indeed  entertain  any  doubt 

of 
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of  the  truth  of  thislaft  opinion,  when  I  had  procured 
fixed  air  (as  is  related  in  my  firft  letter)  exhibiting 
unequivocal  marks  of  acidity,  (that  is,  reddening 
the  infufion  of  litmus,  or  neutralifmg  alcalis)  when 
expelled  from  chalk,  the  pureft  magnefia,  and  vola- 
tile alcaline  falts,  by  heat  alone.  It  may  not  be  amifs 
however,  before  I  proceed  further  on  this  fubjeft,  to 
take  this  opportunity  of  adding  feme  of  my  former 
Obfervations  relating  to  it,  which  I  before  omitted 
to  mention  j  particularly  thofe  refpefting  the  nature 
of  the  acid  in  the  fixed  air  procured  from  chalk,  by 
the  vitriolic  acid,  and  which  Sig.  Landriani  calls 
vitriolic  fixed  air.  That  this  acid  is  not  vitriolic  acid, 
under  any  of  it's  modifications  known  to  us,  appear- 
ed to  me  to  be  evident  from  the  following  confidera- 
tions. 

I.  The  acid  in  fixed  air,  thus  obtained,  diffolves  a 
mild  calcareous  earth  f ,  and  on  evaporating  the  wa- 
ter by  means  of  heat,  or  adding  an  alcali,  a  mild  cal- 
careous earth  is  precipitated  ;  whereas  the  vitriolic 
acid  will  fcarce  difiblve  a  fenfible  portion  of  the  fame 
earth,  and  the  precipitate  is  a  felenite.     . 

The  common  or  fixed,  as  well  as  the  volatile  or 
fulphureous.,  vitriolic  acids,  when  neutralifed  with  ve- 
getable alcali,  form  neutral  falts  which  continue  neu- 
tral, though  expofed  to  the  air  and  to  heat  j  the  firft 
conftituting  vitriolated  tartar,  and  the  fecond,  the  fal 
fulphureus  of  Stahl  j  which  laft,  on  expofure  to  the 
air,  lofes  only  the  phlogijion  to  which  it  owed  its  vola- 
tility, and  conftantly  retains  its  neutral  quality  : 
whereas  the  neutral  mephitic  folution,  or  the  combina- 
tion of  vegetable  alcali  with  the  acid  oi  (vitriolic)  fixed 

•j-  Ste  Letter  2d,  Experiment  XV, 
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air  (in  the  i4tii  Experiment)  parts  with  that  acid  in 
the  common  temperature  of  the  atmofphere ;  and  on 
the  total  evaporation  of  the  water,  the  fixed  alcali  is 
left,  very  little  changed  by  the  experiment, 

3.  Solutions  of  vitriolic  ammoniac  will  bear  being 
evaporated  over  the  fire  to  a  pellicle  ;  and,  on  cool- 
ing, perfectly  neutral  cr}'fl:als  are  formed ;  but  the  am- 
moniacal  folution  formed  by  the  union  of  fixed  air 
(obtained  as  above)  with  volatile  alcali,  could  not  be 
made  to  fumiih  cryftals  ;  as  the  greateft  part  both  of 
the  acid  and  the  alcali  flies  off,  though  expoftd  only 
to  the  common  heat  of  the  atmofphere. 

4.  The  prefence  of  the  fmalleft  portion  of  the  vi- 
triolic acid,  combined  Vvith  alcaline  fahs  or  earths,  is 
eafily  detected  by  the  precipitation  of  a  turpeth  mine- 
ral^ on  the  addition  of  a  faturated  folution  of  mercu- 
ry in  the  nitrous  acid ;  whereas  a  flrong  neutral 
vtephitic  folution^  treated  in  the  fame  manner,  fur- 
nifhes  only  a  vrhite  precipitate. 

I  fliall  now  add  fome  other  obfer\'ations  of  a  fimi- 
lar  kind  j  as  it  may  be  alledged,  though  no  proofs 
have  been  offered  for  that  purpofe,  that  the  vitriolic 

/acid  may  polTibJy  be  volatilifed,  and  acquire  fome  new 

'Qualities,  or  may  have  its  ufual  properties  dilguiled, 
in  confequence  of  combining  it  with  calcareous  earths 
or  alcaline  falts,  in  the  common  procefs  for  obtain- 
ing fixed  air.  I  fhall  therefore  proceed  to  coniider 
the  peculiar  qualities  afcribed  by  Sig.  Landriani  to 
tlie  acid   contained  in  the  fixed  air  which  has  been 

.•^procured  from  thefe  fubftances  by  means  of  the  ni~ 
trous  acid. 

I  thought  it  very  probable,  when  I  entered  on  this 

.itivcftigation  (as  I  liave  already  hinted  in  one  of  my 
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former  letters,  that,  confidering  the  very  volatile  na- 
ture of  the  nitrous  acid,  fome  part  of  it  might  be 
elevated,  during  its  eifervefcence  with  the  chalk,  ei- 
ther in  the  ftate  of  a  fimple  vapour,  or  in  the  more 
compound  form  of  nitrous  air^  fo  as  to  mix  with  and 
contaminate  the  fixed  air  obtained  by  its  means.  For 
fimilar  reafons,  refpecling  the  marine  acid,  I  avoided, 
in  the  preceding  analyfis,  employing  any  fixed  air, 
procured  by  means  of  either  of  thefe  two  acids.  I 
made  however  the  following  experiments  on  the  pre- 
fent  occafion. 

Experiment  XVIII. 

Having  more  than  once  prepared  artificial  Pyrmont 
water  with  fixed  air,  obtained  by  fpirit  of  nitre  and 
chalk,  I  could  never  diftinguifh  it,  either  by  its  tafte 
or  fmell,  or  firength,  from  the  artificial  Pyrmont 
water  procured  by  means  of  the  juice  of  lemons,  or 
even  the  weak  vegetable  acid  in  cream  of  tartar,  com- 
bined with  fait  of  tartar.  On  neutralifmg  the  firft 
mentioned  waters  with  fait  of  taftar,  and  fufFer- 
ing  a  part  of  the  phlegm  to  evaporate,  I  fometimes 
found  that  paper,  dipped  into  the  liquor,  then 
dried,  and  applied  to  a  hot  cinder,  exhibited,  as 
indeed  I  expected,  fome  very  flight  fymptoms  of 
the  prefence  of  the  nitrous  acid,  by  a  faint  deflagra- 
tion. On  a  further  evaporation,  the  liquor,  which 
was  originally  neutral,  or  even  fubacid,  had  acquired 
a  tafte  manifeftly  alcaline  :  a  confiderable  part  of  the 
acid  which  had  before  neutralifed  it  (that  is,  ac- 
cording to  my  theory,  the  yncphitic  acid)  having 
flown  off  J  while  the  nitrous  or  foreign"  vapours, 
4  which 
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which  had  accidentally  been  fufpended  in  the  fixed  air, 
and  which  had  been  condenfed  by  the  water,  combined 
with  and  fixed  by  the  alcali,  appeared  to  have  pro- 
duced thefe  faint  appearances  of  deflagration. 

Experiment  XIX. 

Though  I  failed  of  procuring  cryftals  from  a  neu- 
tral, but  weak  mephitic  folution,  when  it  was  expofed 
to  the  atmofphere  *  j  I  fucceeded,  on  ufing  the 
ftrongeft  alcaline  lixivium,  and  carrying  on  the  pro- 
cefs  in  the  ?nedium  of  fixed  air. — A  large  quantity  of 
fixed  air,  procured  by  the  nitrous  acid,  having  been 
thrown  up  into  a  fmall  quantity  of  the  ftrongeft  Uxi- 
viimi  tartari  confined  by  quickfilver,  fmall  cryftals 
were  almoft  inftantly  formed  on  the  fides  of  the  glafs ; 
and  the  liquor,  after  a  repetition  of  the  procefs,  had 
condenfed  12  or  14  times  its  bulk  of  fixed  air:  but 
thefe  cryjlcils  were  not  found  to  be  nitre  ;  nor  did  they, 
or  the  liquor,  exhibit  any  ftronger  marks  of  the  pre- 
fence  of  the  nitrous  acid,  than  thofe  mentioned  in 
the  preceding  experiment.  On  the  contrary,  the  cryf- 
tals, in  particular,  being  carefully  colleiled  and  thrown 
on  a  red-hot  coal,  did  not  detonate,  but  fome  of  the 
pai^ticles  bounced,  or  flew  about ;  in  confequence, 
doubtlefs,  of  the  imprifoned  fixed  air  being  fuddenly 
let  loofe  by  the  great  heat ;  and  they  were  finally  con- 
vcTted  into  fixed  alcali.  Volatile  alcaline  fpirit,  in  the 
cauftic  ftate,  treated  in  the  fame  mamier,  prefented 
nearly  the  fame  phaenomena,  mutatis  mutandis.     In 

*  See  Ixperiment  XIV. 
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fiiort,  the  fixed  air,  in  both  cafes,  whenever  It  exhi- 
bited any  appearances  of  the  prefence  of  the  nitrous 
acid,  feemed  only  to  have  been  adulterated  with  the 
vapour  or  fumes  of  that  acid,  fufpended  in  it,  and 
condenfed  along  with  it. 

The  obje6tion  which,  as  I  have  above  hinted, 
might  be  made  with  refpeil  to  the  vitriolic  acid,  does 
not  feem  to  be  in  any  degree  applicable  to  the  prefent 
cafe.  Sig.  Landriani  cannot  allege,  confiftently 
with  his  own  experiments,  and  his  dedudlions  from 
them,  that  the  nitrous  acid  is  fo  very  materially 
changed  in  the  a6l  of  effervefcence  with  calcareous 
fubftances,  as  to  have  its  nature  fo  far  altered,  fo  that 
on  being  afterwards  neutralifed  with  fixed  or  volatile 
alcalies,  it  fhould  be  almoft  totally  deprived  of  its 
'detonating  quality  : — as  theonly  proof  which  he  off^crs 
of  its  prefence  in  the  fixed  air  expelled  by  it-^(the  de^ 
tcnation  of  his  nitrous  ammoniac)  is  founded  on  its 
ftiil  retaining  this  very  property.  The  reader,  how- 
ever, has  feen  how  very  faintly  it  exhibited  this  crite- 
rion of  its  prefence,  in  the  two  preceding  experi- 
ments. 

With  refpedi:  to  Sig.  Landriani's  experimentis 
here  referred  to,  and  in  which  he  mixed  his  fup- 
pofed  different  fpecies  of  fixed  air  with  alcaline  air,  va 
the  dry  ■  way^  or  in  phials  ftanding  in  mercury ;  I 
fliall  only  obferve  that'I  do  not  readily  conceive  how, 
by  a  procefs  of  this  kind,  he  procured  a  fuffident 
quantity  of  nitrous  ammoniac,  fo  as  to  afcertain  its 
nature,  by  detonation ;  or  of  vitriolic  ammoniac,  fo 
as  to  analifc  it,  and  know  it  to  be  fuch.  All  that 
he  fays,  relative  to  the  laft-mentioned  procefs,  in  the 

pages 
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pages  now  before  me,  I  liave  given  below*.  I  have 
more  than  once  indeed  feen  thefe  different  airs  con- 
denfed  on  the  fides  of  a  phial,  but  have  been  con- 
tented with  amufmg  myfelf  by  viewing  the  various 
configurations  of  the  cryftals  with  a  fmall  magnifier, 
as  I  defpaired  of  being  able  to  colleil  them  in  a  fuffi^ 
cient  quantity,  to  fubjed  them  to  a  chemical  analy- 
fis.  Nor  have  I  thought  it  neceffary  to  profecute  this 
particular  mode  of  enquiring  into  the  true  nature  of 
the  acid  in  fixed  air,  even  fince  I  read  thefe  pages  of 
Sig.  Landriani,  and  thofe  Iheets  of  the  prefent  work, 
from  which  I  find  that  Sig.  Fontana,  and  other  phi- 
lofophers,  maintain  a  do£lrine  contrary  to  thai 
which  has  been  advanced  in  thefe  papers.  On  fome 
of  my  former  experiments,  and  on  one  of  them  in 
particular,  I  think  I  may  fafely  reft  the  merits  of  my 
prefent  hypothefis. 

Your  readers  will  recolle6l  that,  in  my  Vth  Expe- 
riment, a  pure  and  acid  fixed  air  was  expelled,  merely 
by  means  of  heat^  from  pure  Magnefia,  contained  in 
a  glafs  veflel  hermetically  connected  with  a  bent  tube. 
As  that  PZxperiment,  however,  was  left  fomewhat  im- 
perfefl,  by  the  accidental  rupture  of  my  apparatus, 
which  I  could  not  repair  or  renew  ;  I  thought  it  of 
fufiicient  importance  to  require  a  careful  repetition  on 
the  prefent  occafion.  I  have  accordingly  more  than 
once  repeated  it  with  the  utmoft  attention ;  and  as 

*  After  obfcrving  that  long  and  llendcr  cijftals  were  formed  on  the 
fioes  of  the  phial  in  which  the  alcaline  and  'bitrhlic  fixed  air  were  mixed, 
he  only  adds,  '  Cio  falto  ractol^anfi  quc.ti  criftalli,  e  fe  fottopongano 
}ill'  analiii,  the  fi  tioveranno  effere  iin  vero  fale  ammoniaco  vitriolico, 
a  cui  tante  maravtgliofe  viriu  altribuifce  il  chimico  Glauber.'  Ri- 
cerche  f  ifiche,  &c.  p.  48. 
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the  fimple  apparatus  which  I  employed  for  this  pur- 
pofe  may  eafily  be  procured,  and  the  procefs  be  as 
eafily  repeated  by  any  one,  I  fhall  minutely  defcribe 
the  apparatus,  and  relate  all  the  material  circnm- 
ftances  attending  the  experiment. 

Experiment   XX. 

I  took  a  very  long,  fmall,  and  thick  green  glafs 
phial,  iuch  as  Hungary-water  is  fometimes  fold  in, 
and  adapted  to  it  a  perforated  cork,  through  which 
parted  a  bent  tube  of  a  fmall  bore.  I  filled  this  phial 
With  the  pureft  Magnefia,  preffing  it  dov/n,  that  it 
might  harbour  as  little  common  air  as  polfible,  in  the 
interftices  between  its  particles.  Having  fecured  the 
cork  with  ftiff  cement,  I  put  the  phial  into  a  crucible, 
■where  it  was  furrounded  with  fand  to  the  height  only 
of  2  or  3  inches,  and  which  was  placed  in  a  fmall 
chafing-difli  containing  lighted  charcoal.  In  confe- 
quence  of  the  tallnefs  of  the  phial,  the  apparatus  re- 
mained air-tight,  to  the  end  of  the  procefs ;  as  the 
cork  and  the  cement  were  not  affedled  by  the  heat, 
even  when  the  lower  part  of  the  phial  was  red-hot. 

Suffering  the  air  to  efcape  while  the  fand,  crucible, 
&c.  were  heating,  I  did  not  begin  to  colle<3:  any  till 
I  judged  that  the  Magnefia  was  pretty  hot.  I  conti- 
nued the  procefs  till  it  ceafed  to  emit  air.  For  va- 
rious purpofes  I  colIe£l:ed  the  produce  in  different 
phials  containing  water  or  other  liquors.  The  re- 
fults  were  as  follow  : 

I.  Though  that  part  of  the  Magnefia,  which  was 
fubjefted  to  a  moderate  red  heat,  did  not,  as  I  after- 
wards calculated,  originally  weigh  above   i   drachm 

and 
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and  a  half;   I  eftimated  that   it  furniflied  above  30 
ounces  of  fixed  air. 

2.  Jll  the  fixed  air  contained  in  the  Magnefia 
which  occupied  the  lowell  part  of  the  phial,  was 
found  to  have  been  expelled  from  it :  at  leafi:,  on  put- 
ting fome  of  it  afterwards  into  water,  and  adding  fpirit 
of  vitriol  to  it,  it  was  diflblved  in  the  acid  jiquor  with- 
out the  leaft  appearance  of  effervefcence. 

3.  The  whole  of  this  fixed  air  (except  the  firft  3 
or  4  ounces  which  were  neceflarily  mixed  with  fome 
common  air)  pojfejfed  all  the  qualities  of  the  pur ejl  fixed 
air  procured  hy  means  of  the  firongeji  acid  fpirits.  No 
difference  could  be  perceived  in  its  properties  ;  except 
that,  probably  for  the  reafon  juft:  mentioned,  it  feemed 
to  come  over  more  and  more  pure  as  the  procefs  went 
on  ;  and  the  very  lajl  ounce  expelled  from  it  (and  which 
appears,  from  (2)  to  have  been  the  very  laft  ounce  that 
it  contained)  was  as  acid,  and  was  as  readily  and  fully 
ahforbed  by  water ^  as  any  of  thofe  that  preceded  it. — 
To  be  more  particular  ; 

4.  During  different  periods  of  the  procefs,  certain 
portions  of  this  fixed  air  neutralifed  as  great  a  quan- 
tity of  fait  of  tartar,  as  could  be  neutralifed  by  equal 
quantities  of  the  purefl  fixed  air  obtained  by  means  of 
the  flrongefl  acid  fpirits. 

5.  Towards  the  latter  q.x\^  of  the  procefs,  two  eight- 
ounce  phials  filled  with  rain-water  were  fucceffively 
agitated  with  frefh  portions  of  this  fixed  air,  till  they 
were  nearly  faturated.  Filling  up  the  fpaces  occu- 
pied by  the  reftdua  with  water,  and  throwing  up  more 
fixed  air,  I  placed  them,  inverte<l,  in  a  bafon  of  mer- 
cury. After  {landing  a  night,  during  which  they 
each  abforbed  an  additional  oimce  or  two  of  fixed  air, 
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their  contents  were  poured  out. — I  do  not  remember 
having  evertafted  any  artificial  Pyrmont-water,  made 
with  the  vitriolic  acid,  more  brifk  and  acidulous  than 
this,  produced  by  plain  Magnefia,  without  the  inter- 
vention of  any  acid. 

As  I  cannot  avoid  laying  particular  ftrefs  on  the 
refults  of  this  fimple  calcination  of  Magnefia ;  T  think 
it  worth  while  to  trace,  from  it's  origin,  the  fixed  air 
contained  in  this  fubftance  ;  by  explaining  the  j'-atio- 
nak  of  the  procefs  by  which  Iviagnefia  is  procured, 
according  to  the  principles  afliimed  in  thefe  papers. 

The  Epfom  Salt,  from  which  Magnefia  is  ufually 
procured,  is  a  neutral  compound,  formed  of  the 
earth  of  Magnefia  combined  vvith  the  vitriolic  acid. 
From  this  fubfiance  the  Magnefia  is  precipitated,  by 
adding  to  it  a  folution  of  fait  of  tartar ;  that  is,  (ac- 
cording to  the  preceding  theory)  of  an  alcaline  fait 
combined  with  the  mephitic  acid.  On  mixing  together 
the  folutions  of  thefe  two  conipounds,  the  two  dif- 
ferent acids  change  bafes.  The  vitriolic  acid  deferts 
the  magnefia,  to  unite  with  the  alcali,  with  which  it 
form.s  a  vitriolated  tartar  ;  at  the  fame  time  expelling 
from  the  alcali  the  weaker  mephitic  acid,  wliich  in- 
flantly  occupies  its  place,  by  uniting  with  the  mag- 
nefia, now  deferted  by  the  vitriolic  acid. — So  that,  in 
fa<?t,  all  the  fixed  air,  or  mephitic  acid,  which,  in  the 
preceding  experiment,  was  expelled  from  the  miagne- 
fia  by  fire,  had  originally  refided  in  the  fait  of  tartar 
employed  in  the  preparation  of  the  magnefia  :  but  as 
fixed  air  cannot  be  expelled  from  this  fait  by  heat,  it 
was  therefore,  in  this  Experiment,  transferred  from 
it  to  another  body  (the  earth  of  magnefia)  from 
Y'hich  it  could  be  thus  expelled  with  eafe.  Tiie  Ex- 
peri- 
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periment,  in  faft,  is  as  fatisfacftory  as  if  the  fixed  air 
had  been  immediately  and  diredly  expelled  from  the 
alcaline  fait  itfelf  by  fire. 

It  may  be  proper  to  obferve  that,  in  the  prepara- 
tion of  pure  magnefia,  the  vitriolated  tartar  above- 
mentioned  is  carefully  waflied  away  by  repeated  ab- 
lutions  with  hot   water.     But  granting,  for  argu- 
ment's fake,   that  the  magnefia  were  not  perfedlly 
free  from  this  vitriolic  fait,  or  that  fome  portion  oi 
vitriolic  acid,  fuppofed  Hill  to  adhere  to  it,  were  capa- 
ble of  being  volatilifed  by  the  fire,  and  of  being  fuf- 
pended  in  the  fixed  air ; — neither  of  which  fuppofi- 
tions  are,  however,  admiffible  j — it  is  impoffible  from 
hence  to  accoufit  for  the  large  quantity  of  acid  pro- 
cured from  the  magnefia  in  the  preceding  experiment, 
when  the  reader  recolle6ts    that  30  ounces  of  acid 
tnephitic  vapour  were  expelled  from  it,  and  calculates, 
from  the  rough  eft:imate  given  in  my  nth  Experi- 
jnent,  the  quantity  of  fait  of  tartar  that  it  would 
neutralife.     It  would  indeed  be  abfurd  to  fuppofethat 
tliis  large  quantity  of  acid  could  be  furnifhed  either 
by  any  vitriolated  tartar,  or  by  any  fuperfluous  and 
difengaged  vitriolic  acid,  ftill  adhering  to  the  mag- 
nefia.    The   fum  of  the  matter    is,    that   acid  air 
refides  in  mild  alcalis,  from  which  it  cannot  be  di- 
reSily  expelled,  but  by  other  and  fi:ronger  acids  ;  to 
which  acids,  however,  it  does  not  owe  its  acidity,  as 
Signiors  Landriani   and  Fontana   afiirm,  though  it 
may  accidentally  be  adulterated  with  them. 

This  experiment  appeared  to  me  fo  decifive  of  the 
quefiion  in  difpute  (to  fay  nothing  of  fome  others 
contained  in  my  former  letters,  particularly  thole  in 
v.hicii  add  fixed  air  is  expelled,  by  heat,  from  volatile 

alcalis) 
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alcalis)  that  I  could  not  think  it  necelTary  to  repeat 
many  fimilar  procefles  with  chalk,  or  other  calcareous 
earths.  It  happens  fortunately  that  all  the  fixed  air. 
in  magnefia  can  be  expelled^  from  it  by  fire,  even  in 
clofe  veflels  ( at  leaft  not  having  a  free  communication 
with  the  atmofphere)  and  with  a  moderate  degree  of 
heat ;  whereas  I  have  frequently  found,  as  you  have 
likewife  obferved,  p.  i  ig,  that  chalk  will  not  generally ^ 
(for  there  is  a  great  difference  in  different  fpecimens 
of  this  fubftance)  part  with  much  of  its  fixed  air, 
under  fimilar,  or  even  more  favourable  circum- 
ftances.  And  further,  the  greatefc  part  of  tl\e  fixed 
air  thus  expelled  from  it,  is  frequently  combined  with 
phlogiftic  or  other  matters,  which  difguife  it,  and 
render  only  a  fmall  part  of  it  foluble  in  water. 

I  find  neverthelefs,  from  your  prefent  work,  that 
the  foreign  philofophers  lay  much  firefs  on  the  cir- 
cumftance,  '  that  the  air  expelled  from  chalky  in  clofe 
veffels^  will  not  render  water  acidulous.*  I  have  al- 
ways however  found,  that  a  fufficient  quantity  might 
be  expelled  from  it  to  redden  the  infufion  of  litmus, 
and  fometimes  to  give  a  fenfibly  acidulous  impregna- 
tion to  a  fmall  quantity  of  water.  The  fa6t  is,  that 
calcareous  earths  cannot  be  calcined^  as  magnefia  may, 
in  clofe  vefi'els.  Since  I  perufed  your  flieets,  and  the 
above-mentioned  pages  of  Sig.  Landriani's  treatife, 
I  made  the  following  Experiment  relative  to  this  ob- 
jea. 

Experiment  XXI. 

After  having  expelled  a  few  ounces  of  air  from  2 
or  3  drachms  of  chalk,  expofed  to  a  moderate  red 

heat. 
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heat,  in  a  glafsz;^/,  as  in  the  preceding  Experiment ; 
and  having  kept  the  phial  in  this  fand-heat  till  it 
would  furnifh  no  more,  I  found  that  a  part  only  of 
this  air  poiTefled  the  properties  peculiar  to  fixed  air. 
But  1  foon  difcovered  the  caufe  of  thefe  appearances. 
On  examining  the  chalk  after  it  was  cold,  I  not  only 
perceived,  as  you  too  have  obferved,  that  it  flill  effer- 
vefced  moft  violently  with  acids,  but,  v/hich  is  a 
much  more  decifive  circumftance,  I  found  that  nearly, 
the  zohcle  of  its  fixed  air  Jiill  reinained  in  it ;  for  on 
throwing  the  chalk  into  two  ounces  of  v/ater,  1  ob- 
ferved that  it  had  not  acquired  the  property  of  com- 
municating, even  to  this  fmall  portion  of  water,  the 
tailie  of  lime-water ;  nor,  after  ftanding  a  day  or  tv/o, 
was  any  perceptible  crufl:  formed  upon  its  furface. 
And  yet,  from  Dr.  Black's  well-known  experiments, 
it  is  clear,  that  if  even  a  fingle  grain  of  this  chalk 
had  been  calcined,  or  deprived  of  all  its  fixed  air,  it 
muft  have  converted  the  2  ounces  of  water  into  a 
pretty  ftrong  lime-water.  In  (hort,  it  evidently  ap- 
peared, that  the  mephitic  acid  which,  when  expelled, 
Ihould  render  the  water  acidulous,  ftill  remained  in 
the  chalk  at  the  end  of  the  experiment  j  and  that  the 
greater  part  of  the  air  that  did  come  over,  was  either 
not  fixed  air,  or  was  fixed  air  enveloped  in  phlogillic 
matters,  or  otherwife  fo  altered,  as  not  to  exhibit  its 
ufual  properties  ;  whereas  acids  expel  fixed  air  from 
calcareous  fubftances  wholly,  and  in  a  ftate  of  pu- 
rity, equal  to  that  in  which  it  is  expelled,  by  fire^ 
from  magnefia  ;  though  even  in  this  laft  cafe,  it 
fufFers  a  remarkable  change,  when  the  magnelia  is 
calcined  .in  a  gun-barrel. 

Before 
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Before  I  conclude  this  enquiry,  I  fhali  take  notice 
of  a  curious  and  difficult  problem  in  chemiftiy,  re- 
lative to  fixed  air,  and  which  no  one,  I  believe,  has 
yet  attempted  to  refolve.  In  the  decompofition  both  of 
common  and  cvh'tc  nitre,  by  deflagration  with  charcoal 
\n  a  red-hot  crucible,  it  is  very  remarkable  that  the 
alcaline  bafis  of  the  nitre  is  in  both  cafes  left,  not  in 
a  caujlic  ftate,  as  might  be  expefted,  but  replete  with 
fixed  air,  or  in  a  mild  ftate.  It  fcems,  at  lirfl  fight, 
pretty  evident  that  the  alcaline  fait  acquires  this  large 
quantity  of  fixed  air  at  the  inflant  of  the  deflagra- 
tion f  ;  and  as  there  are  only  two  fubflances  prefent 
from  which  it  can  acquire  it,  the  nitrous  acid  and  the 
charcoal,  it  may  be  conjeflured  —  (and  indeed  fome 
of  your  experiments  contained  in  this  volume  feem  to 
favour  the  idea)  —  that  fomxC  part  of  the  nitrous  acid, 
which,  as  to  fenfe,  aapears  to  be  totally  diffipated  in 
the  procefs,  may  afliime  the  modification  of  fixed  air, 
and  be  inftantly  condenfed  and  combined  with  the  al- 
cali  under  that  form. 

This  folution,  admitting  it  to  be  jufl:,  overturns 
the  hypothefis  of  Sig.  Landriani,and  the  foreign  philo- 
fophers  above  mentioned  :  for,  fuppofing  fixed  air  to 
be  afterwards  procured  from  this  alcali,  by  means  of 
oil  of  vitriol,  marine  acid,  the  acid  of  lemons,  or, 
in  fiiort,  any  other  acid  than  the  nitrous ;  their  theory 
would  oblige  them  to  afcribe  it's  acidity  to  the  parti- 
cular adventitious  acid  em.ployed  in  the  expulfion  of 

•}■  Unlefs  it  fljould  be  fuppofed  that  it  attradts  it  afterwards  from  the 
atmofphere,  during  the  fubfequent  part  of  the  procefs  ;  when  it  is  ge- 
nerally kept  in  a  red  h^at  for  half  an  hour  after  the  deflagration  is 
over :  —  a  aircumftnnce  which  1  have  not  enquired  intOj  but  whieh, 
might  be  afcertained  by  examining  it  immediately  after  the  deflagra- 
tion. 

it: 
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it  :  v/}iereas,  according  to  this  folution,  the  acid  iii 
the  fixed  air  muft,  in  all  thefe  cafes,  b€  the  nitrous. 
I  muft  not  however  omit  to  obferve  that  it  appears, 
from  one  of  the  Iheets  of  the  prefent  volume  now 
before  me,  (page  214.)  that  charcoal  centains  a  con- 
fiderable  quantity  of  iixed  air  ;  from  which  pofhbly 
the  alcali,  deferted  by  the  nitrous  acid  during  the  de- 
flagration, may  obtain  that  principle. — The  queftion 
certainly  defer/es  to  be  further  inquired  into  ;  as  a 
juft  folution  of  it  promifes  to  throw  confiderable  light 
on  the  intimate  nature,  or  genres  of  fixed  air. 

On  the  whole,  I  think  it  will  appear  evident  from 
the  preceding  Experiments,  and  particularly  the 
XXth,  that  the  acid  contained  in  fixed  air,  procured 
in  the  ufual  method,  by  means  of  oil  of  virriol,  and 
other  acids,  is  not,  as  Sig.  Landriani  and  others  af- 
fert,  merely  the  attenuated  and  difiblved  vapour  of 
the  foreign  acid  employed  in  the  procefs ;  but  that  it 
is  a  diftincl  principle,  expelled,  in  an  acid  (late,  from 
the  body  to  which  thefe  fironger  acids  had  been  ap- 
plied. The  mephitic  acid  has,  in  all  my  Experiments, 
appeared  (impurities  excepted)  to  be  an  invariable, 
homogeneous  fubfcance,  which  does  not  exhibit  any 
of  thofe  varieties  which  might  certainly  be  expected 
in  it,  if  it  owed  its  exiftence  to  acids  differing  {o 
very  confiderably  from  each  other  in  their  properties, 
as  thofe  ufually  employed  in  the  procuring  it.  It  is 
not  my  prefent  defign  to  deduce  the  generation  of  the 
mephitic  acid,  ab  ovo  ufque — .  It  is  fufficient  to  ob* 
fer/e  that  it  appears  from  its  qualities  to  be  as  di- 
flin6t  from  tlie  vitriolic,  nitrous,  and  other  known 
acids,  as  they  are  from  each  other.  They  may  all, 
as  Becher  and  Stahl  long  ago  fuppofed,  be  only  mo- 
I  difica- 
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tlifications  of  one  and  the  fame  primitive  and  univer- 
fal  acid.  But  this  leads  to  an  enquiry  utterly  foreign 
the  obje<51:  I  propofed  to  myfelf  in  profecuting  thefe 
experiments. 

Great  Maflingham,  ' 

Nov.  27,1775.  W.  Bewly, 

P.  S.  I  willingly  lay  hold  of  this  opportunity  of  fol- 
lowing your  example,  in  redtifying  a  miftake  of  Sig. 
Landriani's  refpe6ting  myfelf,  which  occurs  at  page 
23  of  his  treatiie  above  referred  to  ;  into  which  he 
has  probably  been  led,  either  through  his  imperfect 
knowledge  of  our  language,  or  the  miftake  of  a  tranf- 
lator.  He  there  reprefents  me  as  maintaining  '  that 
nitrous  air  is  nothing  more  than  common  air.,  contain- 
ing the  nitrous  acid  difTolved  in  it,  combined  with 
phlogifton.' — On  the  contrary,  I  concluded,  from  my 
experiments  related  in  your  former  volume,  page  ^17, 
that  nitrous  air  confilled  of  the  nitrous  acid  combined 
with  phlogiilon  ;  and  fo  far  from  confidering  common 
ah"  as  a  component  principle,  or  the  bajis^  of  nitrous  air, 
I  fhewed  that  an  addition  of  common  air  was  necef- 
fary,  in  order  to  decompound  and  condenfe  it. 

I  feize  likewife  this  opportunity  of  recommending 
to  the  confideration  and  trial  of  the  faculty,  the  new 
neutral  fait  indicated  in  my  Vlllth  Experiment;  both 
as  It  is  a  new  and  untried  faline  compound,  and  as 
much  benefit  may  be  expefted  from  it,  even  a  priori^ 
from  the  known  properties  and  activity  of  fixed  air, 
largely  introduced  into  the  fyftem  ;  particularly  as  a 
febrifuge  and  antifeptic,    in  fe\Trs,    and  other  difor- 

ders. 
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ders,  of  a  putrid  tendency. — As  to  the  preparation  of 
it — though  I  had  before  found  that  in  proportion  as 
the  alcaline  fait  approaches  to  the  ftate  of  neutrahfa- 
tion,  it  attrads  the  mephitic  acid  more  weakly ;  yet 
lince  I  wrote  tlxe  preceding  letter,  I  have  prepared 
near  3  pints  of  a  neutral  folution  of  this  kind,  in  Dr. 
Nooth's  apparatus,  as  improved  by  Mr,  Parker, 
which  contained  10  grains  of  fait  of  tartar  in  each 
ounce  of  water.  Notwithftanding  the  unavoidable 
dilfipation  of  the  fixed  air  in  the  upper  velTel,  the  al- 
caline folution  was  rendered  perfectly  neutral  in  a- 
bout  24  hours,  in  confequence  of  frequent  agitation, 
and  the  fucceffive  addition  of  frelh  portions  of  fixed 
air  ;  and,  after  fufi'ering  it  to  fiand  two  or  three  days 
longer,  it  became  pleafant  to  the  tafte,  ftrongly  aci- 
dulous, and  even  pungent.  My  acquaintance  with 
this  neutral  julep  is  of  too  late  a  date  to  enable  me 
to  add  any  thing  material  to  what  I  have  before  faid 
of  it.  The  prefent,  indeed,  is  not  a  fit  feafon  to  quaff 
large  potations  of  cold  water,  by  way  of  experiment. 

Nov.  29,  1775. 


E  R  R  A- 


ERRATA* 

PAGE  27,  line  12  read,  tuas  confiderably  injured  hy 
it ;  leaving  out  the  Remainder  of  the  Paragraph,  in 
which  there  is  fome  Errror,  that  1  cannot  redify  with* 
out  repeating  the  Experiment. 

P.  41,  1.  8,  for  redrefs  r.  redne/s. 

P.  49,  1.  4,  for  common  r.  Jixed* 

P.  88,  1.  21,  for<3;>,  r.  a/r; 

P«  315,  1.  21,  for  injured  air  r.  injur e^^ 
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N.  B.  11.  fignifies  the  Second  Volume,  and  where  only 
the  Page  is  mentioned,  the  Firft  Volume  is  always  to  be 
underftood. 


A. 

j^CETQ  US  fermSHtaiiofi,  its  effeft  upon  common  air, 

'54- 
^ciii,  added  to  water,  does  not  increafe  its  power  of  re- 

ftoring  noxious  air  by  agitation,  98  j  firil  exhibited  in 

the  form  of  air,   146. 

^gitation^  of  air  in  water,   39. 

jiir,  a  general  view  of  difcoveries  relating  to  it,  1  ;  hcv 
transferred  from  one  veflel  to  another,  1 5  ;  how  gene- 
rated, ib.;  how  admitted  to  fabllances  that  will  not  bear 
wetting,  19;  the  purity  of  it,  how  afcertained,  20; 
produced  by  the  putrefadlion  of  mice,  84;  nitrous, 
108  ;  how  far  injured  by  the  flame  of  a  candle,  117; 
marine  acid,  143;  alkaline,  163;  from  gunpowder, 
257  ;  iffuing  from  the  bottom  of  a  pool  of  water,  321  ; 
vitriolic  acid,  II.  i  ;  vegetable- acid,  II.  23  ;  dephlo- 
gifticated,  II.  29 ;  nitrous  acid,  II.  168;  in  iiflies 
bladders,  II.  230;  from  marine  acid  air  and  liver  of 
fulphur,  236,  il.  233  ;  the  quantity  of  it  depending 
upon  the  quicknefs  or  flownefs  of  heat  in  the  fubftance 
that  yields  it,  II.  255;  different  kinds  of ,  names  given 
to  them,  24;  conjectures  concerning  their  conlHtuenc 
parts,  26:) ;  fpecific  gravity,  II.  94  j  fee  Common  air, 
Mkaline  air,  Fixed  air,  &c.  &c. 

P  d  Altxandtr^ 
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Alexander^  Br.  his  conclufion  concerning  the  innoceifice 
of  ftagnant  water  refuted,   196. 

Alkali  cauftic fixed,   yields  no  air,  II.  232. 

Alkaline  air,  dilcovered,  163  ;  mixed  with  marine  add 
air,  170;  inflammable,  175  ;  makes  nitr/)us  ammoniac 
with  nitrous  air  in  common  air,  205,  208  ;  diflbives 
ice,  176;  mixed  with  vitriolic  acid  air,  II.  8;  with 
vegetable  acid  air,  II.  24;  with  fluor  acid  air,  11.  198  ; 
has  no  efFed;  upon  copper,  II.  232;  the  electric  fpark 
taken  in  it,  II.  239. 

Alum,  in  marine  acid  air,  153;  in  alkaline  air,  174;  air 
from  it,  II.  115  ;  in  fluor  acid  air,  II.  200. 

Amoer,  air  from  it  by  fpirit  of  nitre,  II.  136. 

Animals,  live  in  air  in  which  candles  have  burned  out,  47  ; 
die  in  inflammable  air,  62  ;  the  manner  of  their  death 
in  noxious  air,  7  i  ;  young  ones  live  longer  than  old  ones 
in  common  air,  72  ;  different  from  vegetables  in  fomecir- 
cumftances  of  putrefaftion,  83  ;  how  afiedted  in  fixed  air, 
36;  caufe  of  their  death  in  noxious  air,   194. 

Animal Juhfiance 5,  air  from  them  by  fpirit  of  nitre,  II. 
145  ;   how  aiFefled  by  the  procefs  of  coaling,  ll.  244. 

A.tparatus,  for  experiments  on  air  defcribed,  6,  II   xxxiii, 

Arfenic,  nuhite,  air  from  it  by  fpirit  of  nitre,  II.  70. 

AJhes,  air  from  them  by  fpirit  of  nitre.  If.  75. 

Atmofphere,  conjedlures  concerning  the  origin  of  it,  263; 
whether  the  purity  of  it  be  fubjefl  to  variation,  II.  102. 

B. 

Bath  ivater,  air  contained  in  it,  II.  222. 
Beef,  air  from  it  with  fpirit  of  nitre,  II.  247. 
Bees-nvax,  in   marine  acid  air,    151  ;    air  from  it  by  fpirit 

of  nitre,  I'.  134. 
Be-uoly,  Mr.  his  obfervations  relating  to  nitrous  air,  217  ; 

his  experiments  to  inveftigate  the  acidity  of  fixed  air, 

Ji-  337,  382. 
Black,  Dr.  his  difcoveries,  3. 
Bladder,  nitrous  air  contained  in  it,  precipitating  lime  in 

lime-water,  191,  214. 
Blood,  air  from  it  by  fpirit  of  nitre,  II.  155^. 
Borax,  in  marine  acid  air,  238  ;  in  vitriolic  acid  air,  II, 

14;  air  from  it,  II.  116. 

Boulanger^ 
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SouIa)ig.''r,   Mr.  his  opinion  concerning  the  fluor  acid  air, 

II.    20I. 

Boyle,  his  difcoveries,   2. 

Brain,   air  fropn  it  by  fpirit  of  nitre,  II.    157. 

BraJ's-dufi,  niade  into  a  pafte  with  fulphur,  how  it  afFefls 
common  air,    157  ;  air  from  it  by  heat,  II.  109. 

Brimjlonc,  how  it  affeds  the  air  in  which  it  is  burned,  4^^  ; 
th«  himesof  it  do  not  rellore  noxious  air,  75;  in  ma- 
rine ."cid  air,    152. 

Bronjjnrig».  Dr.  his  difcoveries,  4. 

c. 

C.ahes,  of  metals,  contain  fixed  air,   192. 

Calcination,  of  nietals  in  nitrous  air,    125. 

Camphor,  in  marine  acid  air,  235  ;  in  vitriolic  acid  air, 
II.  13  ;   air  from  it  by  fpirit  of  nitre,  II.  135.. 

Candle,  lighted,  how  it  is  put  into  different  kinds  of  air, 
17;  of  air  in  which  it  has  burned,  43  ;  reiiored  by  ve- 
getation, 49;  how  it  burns  in  nitrous  air  affefted  by 
iron,  217  ;  furrounded  with  a  blue  flame  when  extin- 
guifhed  in  nitrous  air,  222  ;  how  it  burns  in  dephlo- 
V     giilicated  air,  JI.  38,    IGI. 

Ca-vendijh,  the  honourable  Mr.  his  difcoveries,  5  ;  his  ex- 
periment on  the  folution  of  copper  in  marine  acid  air. 

Cement,  diminishes  common  air,    179, 

Chalk,  yields  inflammable  air  in  a  gun  barrel,  38  ;  air 
from  it  by  fpirit  of  nitre,  II.  70  ;  air  from  it  without 
acid,   11.  1 10,   1 18. 

Champaigne  i.vine,  thcreafon  why  fome  of  it  fparkles  and 
fome  does  net,  If.  227. 

Charcoal,  the  effed  of  burning  it  in  common  air,  I  29; 
notfenfibly  diminiihcd  in  weight  b.y  burning  in  confined 
air,  132;  retains  phlogilton  very  obllinately,  137;  in 
marine  acid  air,  151;  in  alkaline  air,  173;  in  vitrio- 
lic acid  air,  II.  13  ;  heated  in  oil  of  vitriol  yields  vi- 
triolic acid  air,  II.  14;  in  vegetable  acid  air,  II.  25; 
air  from  it  by  fpirit  of  nitre,  II.  137  ;  obfervations  on 
its  conducting  povVvT,  II.  241  ;  its  expanfion  by  heat, 
II    256. 

Clay,  air  from  it  by  fpirit  of  nitre,  II.  75. 

Cold,  does  not  relloie  air  injured  by  refpiration,  &c.  48. 
10  d  ?  Con- 
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Conducing  potvcr,  in  what  it  confifts,   285. 
Common  air,  its  diminution   by  phlogiiton    limited,  43  ; 
not   injured  by  heat,  49;    how  affected  by   animal  re-r 
fpiraiion  and  putrefaclion,   70  ;    in  what   manner  fiib- 
fervient  to  refpiration,   71  ;    the  phenomena  of  its  di- 
minution by  putrefadlion,  78;    injured  by  iron  filings 
and  brimllonc,   105  ;  diminiftied  by  nitrous  air,   110  ; 
the  theory  of  that  diminution,   2C9  ;  injured  by  burn- 
ing charcoal,   1295  not  abforbed  according  to  the  ideas 
of  Dr.  Haies,   132;  injured   by  calcination  of  metals, 
'33  ;     by  paint,  138  ;   how  affeLled  by  the  acetous  fer- 
mentation, 154  ;  impregnated  with  various  effluvia,  157; 
how  affeded  by  brafs-duft  and  fulphur,  ily  ;  by  agitation 
in  water,    158;   not  injured  by  ftagnation,  160;  mij;cd 
with  alkaline  air,   172;    diminiftied  by  various  phlo- 
giftx  proceffes,    177  ;  diniinifhed  by  the  cledlric  fpark, 
l8i  ;     by  liver  of  fulphur,     T79;     by   Hom,berg's  py- 
rophorus,  ib.',  by  cement,  ib.  ;  the  whole  of  its  dimi- 
nution   not  owing  to   the  precipitation    of   fixed  air 
from  it,   187;    dirninifhed    by  iron  that  had   been  ex- 
pofed  to  nitrous  air,   222  ;  injured  by  vitriolic  acid  air, 
II.  105    by  vegetable   acid  air,    II.  27  ;    the  real  con- 
llitution  of  it,  II.  55  ;  injured  by  fumes  from  fpirit  of 
nitre,  II.  162  ;  various  obfervations  concerning  it,  II. 
180;    injured    by  iron,  II.  iSi  ;  by  paint  made  with 
red  lead,  II.  182  j  by  converting  the  calx  of  lead  into 
red  lead,  II.  183  ;  by  nitrous  ether,  II.  234. 
Cork,  airfrom  it  by  fpirit  of  nitre,  II.  140. 
Copper,  difiblved  when  nitrous  air  is  mixed  with  common 
air,  containing  volatile  alkali,  213. 

D 

Damp,  choak  damp  and  fire  damp,   2. 

Pephlcgijhcatcd  air,  difcovered,  II.  29;  frpm  mercurius 
calcinatus,  II.  34;  its  purity,  II.  47  ;  from  fpirit  of 
nine  and  red  lead,  11.  53.  63  ;  from  flowers  of  zinc, 
Jl.  69  ;  from  chalk,  II.  70  ;  from  woodafhes,  T.  75  ; 
from  clay,  II.  76  ;  ifrom  flints,  II.  82  ;  from  Mufcovy 
talck,  II.  84;  various  properties  of  it,  II,  91  ;  its  fpe- 
cific  gravity,  ib.  qualities  noxious  air,  II.  98  ;  the  ex- 
plofion  of  inflammable  air  in  it,  II.  99;  applicable  to. 
;5  chemical 
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chemical  purpofes,  II.  loo;  how  a  candle  burns  In  it, 

II.  lOI. 
Detonation,  the  theory  of  it,  II.  60. 
Dob/on,  Dr.  his  letter,  containing  cafes  of  putrid  dlfeafe* 

caufed  by  fixed  air,  II.  369. 

E. 

Eggs,  air  from  them  bv  fpirit  of  nitre,  11.  1 54. 

EleSlric-matter^  proved  to  be,  or  to  contain  phlogiflon, 
186;  (peculations  concerning  it,  274. 

* '/park,  how  taken  in  any  kind  of  air,   21  ;  the 

colour  of  it  in  inflammable  air,  61  ;  diminilhes  com- 
mon air,  181  ;  converts  oil  into  inflammable  air,  242; 
not  viable  in  cauflic  alkali,  or  fpirit  of  fair,  246  ; 
makes  fixed  air  immifcible  in  water,  248  ;  taken  in  fe- 
veral  kinds  of  air,  II.  238. 

EJJential  oil,  in  marine  acid  air,   233. 

Ether  -vitriolic,  how  it  affecls  fixed  air,  35  ;  mixed  with 
alkaline  air,  173;  with  marine  acid  air,  233;  con- 
verted into  inflammable  air  by  the  electric  fpark,  244; 
doubles  the  quantity  of  any  kind  of  air,  250;  in, vi- 
triolic acid  air,  I[.  12  ;  in  fluor  acid  air,  II.  199  ;  air 
from  it  by  fpirit  of  nitre,  II.  132. 

Ether  nitrous,  how  it  affeds  common  air,  II.  234. 

F. 

Falconer,  Dr.  various  obfervatlons  of  his  relating  to  the 
author's  experiments,  314. 

Fat,  air  from  it  by  fpirit  of  nitre,   II.  156. 

FiJJjes,  air  from  the  flelh  of  them  by   fpirit  of  nitre,  IL 
149  ;  the  quality  of  the  air  contained  in  their  bladders,  . 
II.  230  ;  die  in  water  impregnated  with  fixed  or  nitrous 
air,  11.  231. 

Fixed  air,  experiments  upon  it,  25,  248,  II.  213;  on 
the  furfacc  of  fermented  liquors,  25  ;  does  not  inllant- 
ly  mix  with  common  air,  27;  unites  with  the  fmoke 
of  rofin,  &:c.  27  J  changes  the  juice  of  turnfole  red,  3  ; 
of  the  nature  of  an  acid, //^.  II.  337,  '582;  expelled  from 
water  by  heat,  ib. ;  not  contained  in  ice,  33  ;  how  It  af- 
fe6ls  infefts,  36  ;  eafily  imparted  to  water,  &c.  by  agi- 
tation, 39;  therefiduum  of  it  equally  diftufed  through  its 
D  a  3  mafsj 
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mafs,  40  ;  made  immifcible  in  water  by  iron  filings  and 
brimllone,  41,  249;  does  not  mix  with  inflammable 
air,  62  ;  precipitated  from  common  air  by  phlogiftic 
procefTes,  44,  79  ;  its  refemblance  to  the  putrid  efflu- 
vium, 80;  whether  it  reftores  noxious  air,  99;  not 
noxious /i^ry>,  102  ;  the  ufe  of  it  recommended  in  pu- 
trid diforders,  103  ;  whether  it  be  precipitated  from 
common  air  by  nitrous  air,  114;  its  fmall  antifeptic 
power,  124;  procured  from  volatile  alkaline  falts,  165; 
mixed  with  alkaline  air,  171  ;  produced  by  nitrous  air 
confined  in  a  bladder,  191,  214;  does  not  difiblve 
iron,  215,  250;  made  immifcible  in  water  by  the 
electric  fpark,  248  ;  adminiikred  in  the  form  of  a 
clyfter,  292,  306;  Dr.  Percival's  obfervacions  on  the 
medicinal  ufes  of  it,  300  ;  attempts  to  extrad  it  from 
the  common  air,  II.  184;  when  procured  by  heat  has 
the  fame  properties  as  when  procured  by  acids,  II.  213  ; 
from  wood  and  charcoal,  II.  214;  contained  in  de- 
phlogifticated  air,  II.  217;  in  refiored  common  air, 
11.  2 '  8  ;  when  expelled  from  water,  not  wholly  imbibed 
by  it  again,  11.  219;  contained  in  the  Bath  water,  II. 
222;  indifferent  kinds  of  wine,  II.  227;  water  im- 
pregnated with  it  fatal  to  fifhes,  II.  231  ;  the  method  of 
impregnating  water  with  it,  II.  263. 

Flame,  an  enlarged  one  produced  by  nitrous  air  expofed 
to  iron,  217  ;  the  colour  of  it  when  inflammable  air  is 
burned  with  fixed  air,  II.  1 10. 

Tlejl},  in  marine  acid  air,   232. 

Flints,  in  marine  acid  air,  232;  air  from  them  by  fpirit 
of  nitre,  II.  S2, 

Fluor  acid  air,  II.  187  ;  mixed  with  alkaline  air,  II.  197; 
with  vitriolic  acid  air,  II.  204. 

Fluor  cntfi,  in  marine  acid  air,  II.  202  ;  in  the  vitriolic 
acid,  II.  305. 

Fontana,  Sig.  Felice,  his  theory  of  the  dUTerent  kinds  of 
air,  II.  318. 

Fra7ikli7t,  Dr.  his  obfervations  on  the  reftoration  of  pu- 
trid air  by  vegetation,  94  ;  his  ideas  concerning  fire, 
141  5  his  obfervations  on  air  iffulng  from  the  bottom 
of  ftagnant  waters,  321. 

Gaf, 
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G. 

Gas,  of  Van  Helm  on  t,   3. 
Gra-vlty  fpecijic,   of  feveral  kinds  of  air,   II.  ^4. 
Gums,   air  from  them  by  fpiritof  nitre,  II.  135. 
Gunpcwder,   fired  in  all  kinds  of  air,  256. 
Gyp/um,  air  from  it  by  fpiric  of  nitre,  II.  80. 

H. 

Hair,   air  from  it  by  fpirit  of  nitre,  IF.   152. 

Hales,  T)r    his  difcoverie?,  4;    his  miftake  concerning  air 

in  which  brimftone  has  barned,  45  ;    and  concerning  the 

abforption  of  air,  132. 
Harro'wgdte-'water,    the  fmell  of  it,    16 1. 
Heat,   does  not  injure  common   air,    49  ;    does   not  meli- 
orate it,  75  ;    its  conneflioh  with  phlogifton,  281  ;    air 

expelled    from   various    Tubftances   by  means   of  it,  11. 

)o4  ;   the  degree  of  it  changes  the  conducing  power  of 

charcoal,  11.  245. 
Henry,  Mr.    his    obfervations  on  the  folution  of   lead  in 

water  impregnated  with  nitrous  air,  324. 
Hey^  Mr.    his  experiments  to  prove  diat  there   is  no  oil  of 

vitriol  in  water  impregnated  with    fixed  air,    31,288; 

applies  fixed  air  in  the  way  of  clyRer,  103,   292. 
Hunter,  Mr.  John,  his  obfervation  on   fifhes  dying  irl  wi* 

ter  impregnated  with  fixed  air,  II.  231. 

I. 

Ice,  does  not  retain  fixed  air,  33  ;  difT^Ived  in  the  ma- 
rine acid  air,  24J  ;  in  alkaline  air,  176;  in  vitriolic 
acid  air,  II.  8. 

Ignition,  of  paper  dipped  in  a  folution  of  copper  in  fpirit 
of  nitre,  254. 

Injldmmable  air,  experiments  upon  u,  55,  242  ;  its  fmell, 
56;  a  depofit  made  from  it,  17;  ilronger  and  weaker 
in  different  circumflances,  58  ;  lofes  its  inflammability 
by  long  ftanding  in  water,  59  ;  how  plants  grow  in  ir, 
61  ;  the  colour  of  ihe  eleftric  fpark  in  it,  ib.  ;  fatal  to 
animals,  62  ;  docs  not  mix  with  fixed  air,  ib. ;  does  not 
eafily  part  with  its  phlogifton  to  o:her  fubltances,  65  ; 
D  d  4  mixed 
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mixed  with  the  fumes  of  fpirit  of  nitre,  il>.i  made  whole- 
feme,  and  deprived  of  its  inflammability  by  agitation 
in  water,  6j,  246 ;  mixed  with  nitrous  air  burns  with 
a  green  fiarne,  117;  mixed  with  alkaline  air,  171; 
made  from  oil  by  the  eledric  fpark,  242  ;  not  fired  by 
gunpowder  exploding  in  it,  256  ;  its  explofion  in  de- 
phlogilHcated  air,  11.  gg ;  from  metals  by  means  of 
heat  only,   II.  107. 

Jtifeds,  live  in  air  tainted  with  putrefafllon,  85;  die  ia 
nitrous  air,  226  ;  in  inflammable  air,  247  ;  air  from 
them  by  fpirit  of  nitre,  II.  151. 

Iron,  the  filings  of  it  made  into  a  pafte  with  brimftone 
diminifl^es  common  air,  105;  the  phenomena  attend- 
ing its  fermentation,  108  ;  its  effefts  on  fixed  air, 
118.  250  ;  its  effect  on  nitrous  air,  215  ;  diflblved  by 
alkaline  air  in  a  mixture  of  nitrous  and  common  air, 
213;  in  vitriolic  acid  air,  11.  12;  inflammable  air 
from  it  by  heat  only,   2,    107. 

I'vory,  in  marine  acid  air,  231 ;  air  from  it  by  fpirit  of 
nitre,  II.  153. 


Landrian'i,  Slg.  his  mifreprefentation  of  the  author's  fen- 
timents,  II.  311;  his  opinion  concerning  the  confti- 
tution  of  fixed  air,  II.  317. 

Lane,  Mr.  his  difcovery,    5,  30. 

Lanjoijler,  Mr.  gets  air  from  fpirit  of  nitre  and  fpirit  of 
wine,  II.  121;  his  mifreprefentation  of  the  author's 
fentiments,  II.  306;  his  opinion  concerning  air  im- 
bibed by  the  calces  of  metals,  II.  320. 

Lead,  nit.-ous  air  from  it,  126,  II.  173;  difTolved  in  the 
marine  acid,  145;  diiTolved  in  water  impregnated  with 
nitrous  air,  324.^ 

Lead  ore,  air  from  it  by  fpirit  of  nitre,  II.  67. 
'  the  grey  calx  of  it,  air  from  it,  II.  50. 

-—— red,  or  minium,  yields  dephlogifticated  air,  II.  37; 
employed  in  the  difcovery  of  the  nature  of  dephlogifti- 
cated air,  II.  51  ;  air  injured  by  paint  made  with  it, 
11.   1S2. 

— —  nvhite,  air  from  it  by  fpirit  of  nitre,  II.  66 ;  with- 
out fpirit  of  nitre,  II.    113. 

Le'vitjf  whether  a  principle  in  bodies,  267,  293,  II.  3 1 1. 

Light, 
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Light,  from  animals,   perhaps  from  internal  caufes,  279," 
Ligbtbo^vne,  Mr.  cured  of  a  putrid  fever  by  fixed  air, 

292. 
Lime,  in  marine  acid  air,   238;    air  from  it  by  fpirit  of 

nitre,  II.  72. 
•— —  ivater,   becomes  turbid  by  burning  charcoal  over  it 

in  common  air,   130;  and  not  by  the  calcination  of 

metals,   137;    becomes  turbid  by  taking  the  eledlric 

fpark  over  it,  186. 
— — kilfis,  perhaps  ufeful  in  the  neighbourhood  of  large 

cities,  102. 
Liquids,  how  air  is  expelled  from  them,   14;   how  im- 
pregnated with  air,  16;  theeledric  fpark  how  taken  in 

them,  22. 
Liver  of  Julphur,  diminilhes  common  air,    179;  changes 

nitrous  air,   218;    in  marine   acid  air,  235,   II.  233; 

in  fixed  air,   249;  in  vegetable  acid  air,   Jl.  25. 
Litharge,  fixed  air  from  it,  II.  51;  dephlogifticated  air 

from  it,   il,  Gj. 
Lungs t  their  principal  ufe,  78. 

M. 

Machride,  Dr.  his  difcoveries,  3. 

Magellan,  Mr.  his  experiments  relating  to  dephlogifti* 
cated  air,  U.  379. 

Magnejia,  air  from  it  by  fpirit  of  nitre,   If.   74. 

Malt,  air  from  it  by  fpirit  of  nitre,  11.  143. 

Marble,  air  from  it  by  fpirit  of  nitre,   II.  73. 

Marine  acid  air,  experiments  upon  it,  143,  229;  extin- 
guiflies  flame  with  a  blue  colour,  147;  unites  with 
phlogiflon,  149;  mixed  with  alkaline  air,  170;  pro- 
cured from  fait  by  oil  of  vitriol,  229;  diflblves  ve- 
getable and  animal  fubftances,  231  ;  does  not  reftore 
noxious  air,  239;  diffolves  ice,  240;  its  fpecific  gra- 
vity, 241;  does  not  promote  the  firing  of  inflammable 
air,  ih.;  the  fluor  cruft  in  it,  II.  202  j  the  dearie  fpark 
in  it,  II.  239. 

MaJJicot,  yields  dephlogifticated  air,  II.  50. 

Mercurius  calduatus  pc'/e,  yields  dephlogifticated  air,  II. 
34. 

Meials, 
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Meials,  which  of  them  yields  nitrous  air,  126;  m  wh?ii 
quantity,  J28  ;  calcined  in  common  air,  133  ;  diffolved 
in  heated  oil   of  vitriol,   yield  vitriolic  acid  air.  It.  17; 

MicSj  the  manner  of  keeping  them  and  making  experi- 
ments with  them,  9;  live  without  water,  10;  putiify- 
ing  in  water,  84  ;   living  in  depblogillicated  air,  II.  44. 

Milk,  air  from  it  by  fpirit  of  nitre,  II.  1  56. 

Mi/celJaneous  experiments,    154,  252,   II.  229. 

Montigny,  Mr.  his  affifting  the  author  to  procilre  vitriolic 
acid  air,  II.  3. 

Mu/cular  motion,  a  conjefture  concerning  the  caufe  ofiti 
274. 

N. 

Nitre,  in  marine  acid  air,  153  ;   air  from  it,  15c;,  II.  87  ; 
the  cryftalization  of  it  does  not  aftedl  co.Titnon  air,  16  i  j 
injures  common  air  in  cooling  after  it  has  been  red  hot, 
II.  165  ;   in  fluoi-  acid  air,  U.  loi  ;  in  marine  acid  air, 
236. 
o— —  spirit  of,   air  from  vegetable  fubftances  by  means  of 
it,  II.  121  ;    air  from  animal  fubftances  by  means  of  it* 
II.  145;    mifcellaneous  experiments   relating  to  it,  II. 
160;   injures  common  air,  II.   162;  air  from   it,  IL 
168;    with  red  lead  yields  dephlogifiicated  air,  \i.  53. 
Nitrous  air,  the  difcovery  of  it,  108;   farther  experiments 
upon   it,   203  ;    diminifhes   common   air  and  makes  it 
noxious,    1 10;     the   teft  of  the   purity    of  air,    114; 
mixed  with  inflammable  air,   117;  diminifhed  by  iron 
jfilings  and  brimflone,    114.;   plants  die  in  It,   119;  its 
Tpecific  gravity,  ib.  II.  94;   impregnating  water,  120; 
its  antifceptic  power,  123  ;   metals  calcined  in  it,   125  ; 
diminifhed  by  long  Handing  in  water,    127  ;   kept  in  a 
tladder,  128  ;  in  what  proportion    yielded  by  different 
metals,  ih.;  mixed  with  alkaline  air,  171  ;  made  fit  for 
refpiration,  and  diminifhed  by  frefn  nitrous  air,    189; 
yielded  by  the  precipitate  of  the  folution   of  copper  in 
fpirit  of  nitre,  203  ;  mixed  with  common  air,  contain- 
ing volatile  alkali,    forms  a   nitrous   ammoniac,  205, 
2c8  ;  changed  by  iron,  215,  If.   175;  and  by   liver  of 
fiilphur,  218;    diminifhed  by   iron    filings   aiid  brim- 
flone, 223  ;   the  proportion  of  it   from    fi!vcr,  copper, 
and  iron,  diffolved  in  equal  quantities  of  fpirit  of  ni- 
tre. 
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tre,  225;  kills  infefts,  226;  its conftituent  parts,  271; 
Mr.  Bewly's  obfervations  concerning  it,  317;  phlo- 
gifticated  with  the  nitrous  acid  vapour,  II.  170. 

Nitrous  ammoniac,  formed  by  nitrous  air,  mixed  with  com- 
mon air,  containing  volatile  alkali,    205,   208,    210. 

Nooth,  Dr.  his  experiments  on  the  Bath  water,  II.  225  ; 
his  miftake  concerning  the  hiliory  of  the  impregnatiori 
of  water  with  fixed  air,  II.  265  ;  his  objections  to  the 
author's  method  of  impregnating  water  with  fixed  air, 
II.  293. 

O. 

Oak,  air  from  it  bv  fpirit  of  nitre,  II.  141. 

Oil  vegetable,  a  remarkable  kind  of  charge?.!  made  by  it, 

II.  259. 
■  0/ olives,  in  marine   acid  air,  150  ;     iifed  to  procure 

■   vitriolic  acid  air,  II.  4  ;  in  vegetable  acid  air,  II.  28. 
of  turpentine,  in  marine  acid  air,   150,   233. 


Paint,  makes  air  noxious,   138,  II.  182. 

Parker,  Mr.  his  improvements  on  Dr.  Nooth's  apparatus 
for  impregnating  water  with  fixed  air,  [I.  298. 

Ptrci-ual,  Dr.  his  obfervations  on  the  medicinal  ufes  of 
fixed  air,  3C0  ;  his  propofal  to  cure  the  Hone  by  water 
impregnated  with  fixed  air,  II.  360. 

Phlogijlicated air,  its  fpecific  gravity,  46,  105,  1 19.  II. 
94  ;  not  meliorated  by  cold  or  compreffion,  48  ;  what 
methods  failed  to  reilore  it,  73  ;  reilored  by  agitation 
in  water,  99  ;  whether  reilored  by  fixed  air,  ib.  ;  no 
farther  diminifhed  by  any  other  iimilar  procefs,  ic6. 

Phlcgifion,  retained  moll  cbftinately  by  charcoal,  137  ;  the 
principle  that  diminiihes common  air,  139,  17S  :  pre- 
cipitates fixed  air  from  common  air,  iSi  ;  proved  to 
cxill  in  the  elcclric  matter,  186  ;  necefiary  to  air,  II.  5  ; 
impairs  the  purity  of  air,  II.  58  ;  a  cjnvenient  and 
proper  term,    382. 

Pko/phorus,  in  marine  acid  air,  15  1  ;  in  alkaline  air,  174  ; 
in  nitrous  air,  226;  in  vitriolic  acid  air,  II.  12;  iVlr. 
Canton's,  yields  fluor  acid  air,  212. 

Price, 
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Price,  Dr.  his  obfervations  on  the  malignant  eiFe£ls  of 
ftagnant  waters,   195. 

Prhigle,  Sir  John,  the  'author's  letter  to  him  on  the  efiecl 
of  ftagnant  water  on  air,    196. 

Putrefadion,  air  infefted  by  it,  70;  the  fame  thing  wiih 
air  infefted  by  refpiration,  yj  ;  reftored  by  vegetation, 
86;  the  produce  of  it  depends  on  various  circum* 
ftances,   81;    refifted  by  nitrous  air,    123. 

Pjropharus,  Homber£sy   diminilhes  common  air,    179. 

^erieSy  iffc.   258, 

i^ick-lime,   coagulates  oil  of  vitriol,  IT.  229. 
^ick-Jil'ver,  the  method  of  making  experiments  in  it,  14* 
^illsf  air  from  them  by  fpirit  of  nitre,  II.   152. 

R. 

Pe^ precipitate,  yields  dephlogifticated  air*  II,   34. 
Refradinjc  ponver,   of  different  kinds  of  air,  attempted  tO 

be  afcertained,   II.  235. 
Rejidiium,  of  fixed  air*  equally  difFufed  through  the  whole 

mafs  of  it,  40;    the  nature  of  it,  ib.    II.  331. 
Refpiration,  air  infefted  by  it,  70  ;    the  fame   thing  with 

air  infefted  by  putrefaftion,  77  ;    air  injured  by   it  re- 

ftored  by  vegetation,    86. 
RuJI  of  iron,  in  marine  acid  air,   i;o  ;    fixed  air  from  it, 

II.   II!;  air  from  it  by  fpirit  of  nitre.  If.  70. 
Rutherford,  Dr.  his   opinion  concerning  the   nature  of 

£xed  air,  II.  314. 

S. 

Sal  ammoniac y  the  volatile  fpirit  of  ic  converted  into  In- 
flammable air  by  the  electric  fpark,  245  ;  compofcd 
from  alkaline  air,   and  marine  acid  air,   20S. 

Salts,  metallic,    air  from  them,  11.   112. 

Scur-vy,  fea,  the  probability  of  curing  it  by  water  im- 
pregnated with  fixed  air,  II.  290. 

Sealing-nvax,  air  from  it  by  fpirit  of  nitre,  II.  126. 

Sedative  faltf  air  from  it,  11.  86, 

Smeaton^ 
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Smeaion,  Mr.  the  excellence  of  his  air-pump,  202  ;  his 
pyrometer  ufed  to  meafure  the  expanfioa  of  charcoal  by 
heat,  II.  256. 

Smoke,  floating  in  the  region  of  fixed  air  on  the  furface  of 
fermenting  liquor,  26. 

Spirit  of  nvir.e,  in  marine  acid  air,  150;  converted  into 
inflammable  air  by  the  eledlric  fpark,  245  ;  yields  no 
air  by  heat,  253  ;  air  from  it  by  fpirit  of  nitre,  11.  124. 

Sugar,  in  marine  acid  air,  238  ;  air  from  it,  II.  117. 

Syphon,  ufed  in  drawing  air  out  of  a  veffel,    18. 

T. 

Talc,  air  from  it  by  fpirit  of  nitre.  If.   84. 

Tartar,  fait  of,  air  from  it  by  fpirit  of  nitre,  II.  7^. 

Tin,  air  injured  by  the  calcination  of  it,   135. 

Turnfole,  the  juice  of  it  turns  red  by  taking  the   eleftrlc 

fpark  over  it  in  common  air,   185  ;  with  fixed  air,  31  j 

with  nitrous  air,   225. 
Turpentine,  oil  of,  air  from  it  by  fpirit  of  nitre,  II.   127J 

in  fluor  acid  air,  II.  211. 

U. 
Vrinet  contains  fixed  air,  II.  2 1 6. 

V. 

Vegetahles,  bow  afFefled   in  fixed  air,  36 ;  flourilh  in   air 

tainted  with  putrefadion,  86;    rellore  air  injured  by 

putrefai^ion  or  refpiration,  ib. 
Vegetable  fubjlances,  air  from  them   by  fpirit  of  nitre,  IF. 

121  ;  differ  from  nnimal  fubftances  in  tae  circumfl:ances 

attending  their  putrefaftion,  83. 
Vegetable  acid  air,  II.  23  ;   mixed  with  alkaline  air,  II.  24; 

with  water,  II.  25  ;  with  oil,  11.  28  ;  injures  common 

air,  II.  27. 
Vegetation,  rellores  air  injured  by  candles  burning  in   it, 

52;  and  by  refpiration,  49  ;  in  confined  air,  50  ;  keeps 

water  fwcet,  11.  186. 
Venelle,  Mr.  his  difcovery  of  air  in  Pyrmont  water,    11. 

aoc. 

Vitriolt 


INDEX. 

Vitriol,  oil,  or fpirit  of,  not  made  volatile  wben  poured 
upon  chalk,  30;  in  marine  acid  air,  2365  coaoulated 
by  heating  quick-lime  in  it,  II.   229. 

Vilrioly  blue,  in  marine  acid  air,  237. 

»  '  green,  in  marine  acid  air,  237. 

nxihite,  air  from  it  and  other  kinds  of  vitriol,  II. 

Reman,  air  from  it,  11.  86,    \\\. 


Vitriolated  tartar,  air  from  it,  II.   i  i6. 

Vitriolic  acid  air,  difcovered,  II.  \  ;  water  impregnated 
with  it,  \l.  7,  325;  difTolves  ice,  II.  8;  mixed  with 
alkaline  air,  \\,ib.\  injures  common  air,  II.  10;  the 
weakert  of  the  mineral  acid  airs,  li.  1 1  ;  procured  from 
charcoal,  II.  14  j  from  ether,  II.  15  ;  from  meials,  II. 
17;  not  prrduced  by  heat  only,  li.  16;  a  yellow  fub- 
ftance  produced  by  it  and  alkaline  air,  II.  22  ;  the 
fame  thing  with  the  fluor  acid  air,  II.  204  ;  the  eleftric 
ipark  taken  in  it,   II.   239. 

Volcanos,  a  conjedure  concerning  their  fuppJying  a  planet 
with  air,  263. 

W. 

Waljh,  Mr.  his  experiment  on  the  double  barometer,  285. 

Warren,  Dr.  his  cai'e  of  a  putrid  diforder  cured  by  fixed 
air,  \l. 

Water,  efFeflually  feparates  noxious  air  fiom  common  air, 
77;  air  injured  by  agitation  in  it,  99,  158;  impreg- 
nated with  nitrous  air,  120;  with  marine  acid  air,  146; 
"with  alkaline  air,  167;  with  vitriolic  acid  air.  II.  7, 
325  ;  with  fluor  acid  air,  II.  190  ;  with  vegetable  acid 
air,  II.  25  ;  affefted  by  the  calcination  of  metals  over 
it,  135;  has  an  affinity  with  phlogifton,  139;  its  effe6l 
on  air  when  ftagnant,  196;  kept  fweet  by  vegetables 
growing  in  it,  II.    185. 

■  — impregnated  nvith  fixed  air,  28;  II.  263,  II.  277; 
fparkles  more  after  being  kept  fome  time,  32;  made 
ftronger  by  a  condenfing  machine,  34  ;  no  oil  of  vitriol 
in  it,  288. 

JVirie,  the  quantity  of  fixed  air  in  difFerent  kinds  of  it, 
II.   227. 

Woody  in  marine  acid  air,  231. 

Worms^ 


INDEX. 

Worms,  in  the  bowels  might  perhaps  be  dellroyed  by  ai-f 

trous  air,   227. 
IVouJfe,  Mr.  his  tranfmutatlon  of  the  acids,  II.  161. 

Z. 

Zinc,  yields  very  little  nitrous  air,   126;  air  from  it  by 

heat  only,  II.   108. 
fo^vers  of,  yield  dephloginicated  air  by  fpirit  of 

nitre,  il.  6g, 
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of  Hiftory  and  general  Policy.  2,  The  Hiftory  of  Eng- 
land.    3,  The  Conftitution  and  Laws  of  England. 
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tlie  Human  Mind  on  the  Principles  of  Commori  Senfe, 
Dr.  Beattie's  Effay  on  the  Nature  and  Immutability  of 
Truth,  and  Dr.  Oswald's  Appeal  to  Common  Senfe  in 
Behalf  of  Religion,  the  fecond  Edition,  55.  fewed. 

11.  Hartley's  Theory  of  the  Human  Mind  oa 
the  Principle  of  the  Affociation  of  Ideas,  with  Eflays  re- 
lating to  the  Subjeft  of  it,  8vo.  5$.  fewed. 

12.  The  Rudiments  of  English  Grammar,  adapt- 
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13.  The  above  GkAMWAR,  with  Notes  and  Obferva- 
tions,  for  the  Ufe  of  thofe  who  have  made  fome  Profici- 
ency in  the  Language,  the  fourth  Edition,  3s. 

14.  An  Essay  on  the  First  Principles  of  Govern- 
ment and  on  the  Nature  of  Political,  Civil,  and 
Religious  Liberty,  the  fecond  Edition,  much  en- 
larged, 5  s. 

15.  Institutes  of  Natural  and  Revealed  Re* 
liciON,  Vol.1,  containing  the  Elements  of  Natural  Re- 
ligion; to  which  is  prefixed,  An  Eifay  on  the  belt  Me- 
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of  the  Corruptions  of  Chriftianity. 

16.  A  Free  Address  to  Protestant  Dissenters 
on  the  Subjedl  of  the  Lord's  Supper,  the  third  Edition* 
with  Additions,  zs. 

17.  The  Additions  to  the  above  may  be  had  alone,   is. 

18.  An  Address  to  Protestant  Dissenters  on  the 
Subjeft  of  giving  the  Lord's  Supper  to  Children,   is. 

19.  Considerations  on  DiFFERENCEsof  Opinion 
among  Chriftians;  with  a  Letter  to  the  Rev.  Mr.  Venn, 
in  Anfwer  to  his  Examination  of  the  Addrefs  to  Proteftant 
DilTenters,  is.  6d. 

20.  A  Catechism  for  ChiUren^ti^  Toung  Per/om,  the 
fecond  Edition,   3d. 

21.  A  Scripture  Cat^c~hism,  confifling  of  a  Series 
of  Queftions,  with  References  to  the  Scriptures,  inltead  of 
Anfwers,  3d. 

22.  A  Serious 
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22.  A  Serious  Address  to  Masters  of  FamilleSj 
with  Forms  of  Family  Prayer,   the  fecond  Edition,   6d. 

23.  A  View  of  the  Principles  and  Conduct  of  the 
Protestant  Dissenters,  with  refped  to  the  Civil  and 
Ecclefiaftical  Conilitution  of  England,  the  fecond  Edi- 
tion,   IS.  6d. 

24.  A  Free  Address  to  Protestant  Dissentersj 
on  the  Subjefl  of  Church  Discipline  ;  with  a  Preli- 
minary Difcourfe  concerning  the  Spirit  of  Chriflianity, 
and  the  Corruption  of  it  by  falfe  Notions  of  Religl#i* 
23.  6d. 

25.  A  Sermon  preached  before  the  Congregation  of 
Protestant  Dissenters,  at  Mill  Hill  Chapel,  in 
Leeds,  May  16,  1773?  on  Occalion  of  his  refigning  his 
Paltoral  Office  among  them,   is. 

26.  A  Free  AddPxEss  to  Protestant  Dissentersj 
as  fuch.  By  a  DifTenter.  A  new  Edition,. enlarged  and 
corrected,  is.  6d. — An  allowance  is  mide  to  thofe  whc> 
buy  this  Pamphlet  to  give  away. 

27.  Letters  to  the  Author  of  Remarks  on  fe^jeral  lati 
Publications  reldti-iie  to  the  Dijfenters,  in  a  Letter  to  Dr, 
Friejileyy    \s. 

28.  An  Appeal  to  the  fericus  and  candid  Profeffbrs 
of  Chriitianity,  on  the  following  Siibjeds,  viz.  i.  The 
Ufeof  Reafon  in  Matters  of  Religion.  2.  The  Power 
of  Man  to  do  the  Will  of  God.  3.  Original  Sin.  4. 
Eledion  and  Reprobation.  $.  The  Divinity  of  Chrift* 
And,  6.  Atonement  for  Sin  by  the  Death  of  Chrift,  the 
iifth  Edition,    td. 

29.  A  Familia  r  Illustration  of  certain  Paflagea 
of  Scripture  relating  to  the  fame  Subjefl,  4d.  or  35.  6d* 
per  Dozen. 

30.  The  Triumph  of  Truth  ;  being  an  Account  of 
the  Trial  of  Mr.  Elwall,  for  Herefy  and  Blafphemy,  at 
Stafford  Affizes.  before  Judge  Denton,  &c.  the  fecond 
Edition,    id. 

31.  Considerations  for  the  Use  of  Young  Men, 
and  the  Parents  of  Young  Men,  2d. 
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Confiiling  of  original  Eflays,  Hints,  Queries,  &c.  cal- 
culated to  promote  religious  Knowledge,  in  3  Vo- 
lumes, 8vo.  Price  18s.  in  Boards. 

Among  other  Articles,  too  many  to  be  enumerated  it* 
an  Advertlfement,  thefe  three  Volumes  will  be  found  to 
contain  fuch  original  and  truly  valuable  Obfervations  on 
the  Doftrine  of  the  Atonement,  the  Preexijience  of  Chrijiy 
and  the  Infpiration  of  the  Scriptures,  more  efpecially  re- 
fpefting  the  Harmony  of  the  Enjangelifs,  and  the  Reafon- 
ingof  the  Apoftle  Paul,  as  cannot  fail  to  recommend 
them  to  thofe  Perfons,  who  wifli  to  make  a  truly  free  En- 
quiry into  thefe  important  Subjefts, 

In  the  Firft  Volume,  which  is  now  reprinted,  feveral 
Articles  are  added,  particularly  Two  Letters  from  Dr. 
Thomas  Shaw  to  Dr.  Benson,  relating  to  the  PaffagQ 
of  the  Ifraelites  through  the  Red  Sea. 
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